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EXECUTIVE SUMMARY

-. -

In the past 10 years, there have been two Boeing B-737 accidents for

which the National Transportation  Safety Board (NTSB) couid not

completely determine the cause of the accident. On March 3, 1991, United

Airlines F?lght 585, a Boeing B-737-291 crashed during an approach to the

Colorado Springs, Colorado airport causing the deaths of all 25

passengers and crew. The airplane was destroyed by the impact and a

post-crash fire. Three years later, on September 8, 1994, USAir Flight

427, a Boeing B-737-3B7 crashed while on approach to Pittsburgh

International Airport, causing the deaths of all 132 passengers and crew.

The airplane was destroyed by the impact.

The NTSB believes that if the 8-737s recorded additional flight data

parameters then there would be a lower likelihood that the cause of a

future B-737 accident would remain undiscovered. Consequently,  the NTSB

issued recommendations  on April 16, 1999, that all existing and future B-

737 airplanes should be required to record the flight data parameters

represented by the existing § 121.343 (a) (18) through (a)(22),  (a) (88),

and 3 new parameters that would become (a)(89), (a) (901, and (a) (91).

The proposed rule would require all B-7379 flight data recorder systems

to be retrofitted  in order to record these flight data parameters. The

proposed rule would affect 1,306 existing B-7379 operated by 24 airlines,

3 foreign airlines, and 16 other private businesses. Nearly 80 percent

of these airplanes are operated by 7 airlines (Southwest, United,

USAirways, Continental, Delta, America West, and Alaska Airlines).

The costs of compliance include only the direct costs of complying with

the proposed rule. No costs resulting from future rules that would be

i
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developed based on the data zoll5cted due to tkrs prcposed zule are

Included in these estimated compliance costs. On that basis, the

estimated compliance cost varies by B-737 series, by date of manufacture,

and by the existing capability  of the flight data recorder system in the

airplane. For airplanes with a flight data acquisition unit, the per

airplane costs would range from about $42,000 to $110,000. For airplanes

without that unit, the per airplane costs would range from about $178,000

to $222,000. A substantial source of these costs is that the airplane

would need to be taken out of service and the amount of out-of-service

time, if not completed during a regularly scheduled major maintenance

session, would take between 4 days and 9 days - depending upon the series

and the flight data recorder system's capabilities.

The one-time, first year cost of this retrofitting would be about $160

million; of which $125 million would be for the labor and equipment

costs, $25 million would be for the net revenue losses due to the out-of-

service time, and $10 million would be for the engineering costs to

redesign the flight data recorder system for the various B-737 series and

airlines and to obtain the necessary supplemental type certificates.

There would be additional annual expenses for maintenance and for

increased fuel burn due to the greater weight of the modified flight data

recorder systems. The present value of these costs over 20 years would

be about $5 million.

Finally, the cost to manufacture the average B-737 would increase by

about $39,000, which would have a present value cost of about's40 million

over the next 20 years to the approximately 2,150 B-737s expected to be

iii



sold in' the United States.

In 1997, the FAA revised these flight data recorder rules for ail

affected airplanes, including 8-737s. The FAA has calculated that the

present value of the costs for B-737 operators to comply with that

revision were about $58.8 million. If that revision and this proposed

. rule are viewed as two parts of one rulemaking over time, the FAA has

estimated that the present value of the overall compliance costs with

these two actions would be about $264.1 million for the B-737 operators

and for Boeing.

Thus, the estimated present value of the total costs over 20 years of the

proposed rule would be about $205 million. '.

The benefits from preventing a typical B-737 catastrophic accident are

about $315 million. However, these potential benefits are difficult to

quantify because it cannot be known with certainty whether the additional

flight data to be recorded would, in fact, provide the necessary

information to prevent such future accidents. With that in mind, the FAA

has determined that the proposed rule would be cost beneficial if it.

would prevent one such accident in the first 6 years after its

promulgation.

The proposed rule would be .a "significant regulatory action" as defined

.

by Executive Order 12866 and it has a si@.ficant impact upon a

substantial number of small airlines. It would have minimal effects on

international trade. Finally, it would not contain a significant

intergovernmental mandate but it would contain a significant private

iv
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I. INTRCDUCTTON

A. 3ACKGROUND

In the past 10 years, there have been two Boeing 737 (B-737)  model

airplane accidents for which the National Transportation Safety Board

(NTSB) could not definitively establish a cause. On March 3, 1991,

United Airlines Flight 585, a Boeing B-737-291 crashed during an

approach to the Colorado Springs, Colorado airport causing the deaths of

all 25 passengers and crew. The impact and the post crash fire

destroyed the airplane. Three years later, on September 8, 1994, USAir

Flight 427, a Boeing B-737-387 crashed near Aliquippa, Pennsylvania,

while on approach to Pittsburgh International Airport, causing the

deaths of all 132 passengers and crew. The impact and the post crash

fire destroyed  the airplane. Both accidents appear to have been caused

by a rudder hardover roll and resultant sudden descent while the

airplanes were at low altitude.

The NTSB has determined that the rudder on B-737 airplanes may

experience sudden uncommanded movement or movement bpposite the pilot's

input, which may cause the airplane to roll suddenly. In addition,

foreign investigative authorities suspect that two accidents outside the

United States involving B-73.7 airplanes may also have been caused by

sudden uncommanded  rudder movement. Incidents of suspected uncommanded

rudder movement continue to be reported, including two incidents in the

United States in February and March 1999,  and one in Canada in

March 1999.

1



-k’pL ..-
3-‘37 airplanes involved L.? the Unit,ed and lJSAir acc:'i,en:s 3rd. .

;?A.. the re_cent rudder. . Lnridents Nere equipped wrth the fli3ht data

recording (FDR) systems required at the time of those accidents, but

neither of the FSR systems provided information about the airplanes'

movement about their three axes or the positions of the flight control

surfaces lAmmediately preceding the accidents or incidents. To date,

corrective measures taken to resolve the suspected problem have been

limited by the lack of data being recorded.

The FAA has issued 17 airworthiness directives (ADS) for the B-737 as a

result of the investigation into the USAir accident, including one that

addresses an upgraded rudder power control unit (KU) designed to remedy

the rudder upset problem. Suspected rudder upsets continue to occur,

however, and some of the B-737 airplanes that recently experienced ,_

suspected uncommanded  rudder movement had been modified with the

upgraded rudder KU. Nevertheless, not all of the ADS have been fully

implemented on all B-737s.

On March 23 and 24, 1999,  the NTSB held a public meeting to discuss its

investigation of the causes of the USAir flight 427 accident. To some

extent, the tiTSB concluded that its ability to definitively determine

the cause of this accident was particularly hampered by the absence of

certain flight data on the airplane's recorder.

On April 16, 1999, the NTSB. submitted two safety recommendations (A-99-

28 and A-99-29) to the FAA stating that all B-737 airplanes should

record pitch trim, trailing and leading edge flaps, thrust reverser

position, yaw damper command, yaw damper status (on/off), standby rudder

status (on/off), and control wheel, control column, and rudder pedal

2



&e---a. InGev-)’ response to those two NTSB reccm!mendat:ons* I the FAA 1s
prcpcsing-this  Notice of Proposed 3ulemaL'mg (NP,W).d b..
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-4.

r”L:G:;.T ",ATA RECORDING TECHNOLOG'i

-. -

A. INTRODUCTION

"Or the purposes of analyzing the economic impact of the proposed rule,
.

the Initial Regulatory Evaluation contains this short chapter to briefly

summarize the workings of a B-737 FDR system. It consists of a

description of the FDR system components and then a discussion of the

technical impact that the proposed rule would have on various B-737 FDR

systems.

B. FLIGHT DATA RECORDING COMPONENTS

II.B.l. Introduction

A FDR system is designed to record the activities of an airplane's

mechanical, hydraulic, electronic,  etc. systems (referred to as "flight

data parameters"). Without proceeding into a detailed technical

discussion, an FOR system's basic components are the actual recorder,

the sensors to record various electrical, hydraulic, and mechanical

flight activities that will be captured by the recorder, and the wiring

to transmit the flight data from the sensors to the recorder. In

addition, an FDR system may also have a flight data acquisition unit

(FDAU)  which gathers and transmits the flight activity information to

the recorder.



-a*- 3 .?a 3i;I.i oe noted that, aitkough the rest of :hrs Initial

EieguLatbry Evaluation Wlii refer to an :ndivldual oaragraph in set*i-nL b d

L21.344 (a) as a "flight data parameter",  in reality, several of these

Individual paragraphs require the recording of more than one actual

F‘A.--;;;ht data parameter. For example, 121.344 (a) (22), which requires

recording thrust reverser flight data, involves 4 flight data parameters

- the fore and aft positions for each reverser on each engine - for a

two-engine airplane. Thus, there is not a one-to-one correspondence

between a "parameter" in section 121.344 (a) and the actual number of

flight data inputs recorded by the FDR system.

11.8.2. Flight Data Recorders

The recorder is the component that collects and stores the flight data.

Its capacity to record flight data is reported in words per second

(wps) l By way of illustration, if the flight data parameters are being

sampled once every second, a recorder with a capacity of 64 wps would be

capable of recording a maximum of 64 parameters. If the flight data

parameters are being sampled twice every second, then a recorder with a

capacity of 64 wps would be capable of recording a maximum of 32

parameters because those 32 parameters would be generating 64 bits of

information per second.

The two types of recorders are analog and solid state. The analog

recorder is, basically, a tape recorder using magnetic tape as its

recording medium. It costs between $5,000 and $10,000, depending upon

the quality and capacity of the unit. The best of them are capable of

processing 64 wps but they cannot be upgraded to a higher capacity.

These are no longer manufactured because solid state recorders are

5



z':ger:=r  LZ ;erfJraance and :nvolve nuch less maintenance charL

analog reorders.

The solid state recorder has no moving parts and consists of 3 modules -

a ;ower supply, a computer board, and me'mory. It costs between $2O,OCO

and $25,000, depending upon the quality and capacity of the unit. The

earliest models had a capacity of 64 wps, but most of these models can

be reprogrammed to have a capacity of 128 wps or 256 wps. The

"reprogramming" of a recorder can involve both hardware and software

modifications. The newest recorders have capacities in the thousands of

wps and can process flight data transmitted  in digital form.

11.2.c. Sensors

Sensors are the devices that sample the flight activities. Depending

upon the complexity of the sampling task, sensors can be either

relatively simple and inexpensive devices (e.g., measuring the direction

of an airplane part's movement) or complex and expensive devices (e.g.,

measuring the force of an airplane part's movement). As a result,

industry sources have reported that these units can'cost between $200

and $12,000.

11.2.d.  Flight Data Acquisition Units (FDAU)

The necessity of having a FDAU in an FDR system depends upon the number

of flight data parameters being recorded. A FDAU is a computer that

acquiies data from various forms (analog, digital, pneumatic, etc.)

throughout an airplane, transforms those data into a digital format, and

6



-a-^(- - -3’..d3 -..e zaza zo a dlg;tairecorder. Effectrveiy,  tlhe FRAU
zcr.denses  the flight da:a bei.?? received so that the

recorder's  memory-. -
;s not exceeded. All F2AUs Selng manufactured  today are digital

flight
data acquisition units (ZF'DAUs),

which cost about $50,000 a unit.



-TV
i&b. ?ROPOSED RULE

A. .qISTORY  OF PREVIOUS "DR RULELMAKING

The 3oeing 737s involved in the two previously noted accidents were

equipped with FDR systems that recorded a limited number of parameters.

-One B-737 FDR system recorded 6 parameters while the other' FDR system

had been retrofitted to record 13 parameters. Although both B-737 F'DR

SYSTEMS s were in compliance with section 121.343 that existed at that

time, the NTSB was unable to determine the probable cause(s) due to the

paucity of recorded information and the nearly total destruction of the

airplanes. As a consequence,  on February 22, 1995, the NTSB submitted

recommendations A-95-25, A-95-26, and A-95-27 to the FAA recommending Y

that the FAA require FDR-system upgrades for all transport category

airplanes to record selected additional parameters that were not

required by the regulation that existed at that time.

In response to these safety recommendations, the FAA promulgated

revisions to the DFDR requirements for all airplanes. (Revisions to

Digital Flight Data Recorder (DFDR)  Rules; Final Rule (62 FR 38362, July

17, 1997)) l With respect to B-737s, the DFDR regulations require that a

B-737 manufactured on or before October 11, 1991,  and not equipped with

a FDAU must record the 18 flight data parameters listed in paragraphs

(a) (1) through (a)(18) of i4 CFR SS 121.344 and 125.226 by August 20,

2001. A B-737 manufactured on or before 'October 11, 1991,  and equipped

with a FDAU must record the 22 flight data parameters listed in

paragraphs (a) (1) through (a)(22)  of 14 CFR §§ 121.344 and 125.226 by

August 20, 2001. A B-737 manufactured after October 11, 1991, must

record the 34 flight data parameters listed in paragraphs (a) (1) through

8



:a; ;31) sf :3 "3 5s l21.344 a?.d 125.226 by August 20, 2OClA. A 3-

737 manufactured  after August 23, 23Or3, nut record the 57 flight data

parameters listed in paragraphs (a) (I) through (a)(57)  of 14 CER 55

121.344 and 125.226. Finally, a B-737 manufactured  after

ALlgus t 19, 2302,  must record the 88 flight data parameters listed in

paragrapns (a) (I) through (a) (88) of 14 CFR §§ 121.344 and 125.226.

. B. PROPOSED RULE

Although there have been no additional B-737 accidents that have not

been explained because of lack of recorded flight data; there have been

a continuing series of incidents involving B-737 rudders for which

flight data have not been recorded. There is a strong potential that

these incidents may be caused by a systematic structural problem in the

B-737 and these incidents portend a future accident. However, the NTSB

and the FAA do not believe that the flight data required to be recorded

by the 1997 DFDR regulations are capable of providing the information

necessary to recommend regulatory action to prevent a future B-737

accident.

In light of that belief, the proposed rule would amend the FDR

regulations for U.S.-registered 8-737s operated under parts 91, 121,

125, and 129 to largely incorporate the two 1999 NTSB recommendations.

It would require each B-737 equipped with a EDAU as of July 16, 1996 or

manufactured after July 16, 1996,  to have, by August 18, 2000,  an FDR

system that 'records the following flight data parameters in addition to

those currently required: (1) (a) (19) through (a) (22) (pitch trim;

trailing edge flaps; leading edge flaps; thrust reverser position (each

engine)); (2) (a) (88) at increased sampling rates; and (3) proposed new

9



- .c .-me,&-jr‘- data parameters la) (89) thrxgh (a) (31) (yaw damper

C~r?JEiF!d;' yaw damper on/off discrete; standby rudder on/off discrete; and

control wheel, controi column, and rudder pedal forces. It would also

require by August 18, 2001, that each B-737 without a FDAU record flight

parameters (3) (18) through (a) (221, (a) (88) at an increased sampling

rate, and the proposed (a) (89) through (a) (91). Finally, it would

require by August 18, 2002, that each B-737 that was retrofitted with a

=DAU after July 16,- 1996, record flight parameters a (18) through

ia) (221, (a)(88)  at an increased sampling rate, and the proposed (a) (89)

through (a) (91). The yaw damper command, yaw damper on/off discrete,

and control wheel, control column, and rudder pedal forces would be

required to be sampled at a minimum rate of twice per second.

Primarily due to the two previously discussed B-737 accidents, the

proposed rule would treat the B-737 airplane model differently than it

would treat other transport category airplanes. As described earlier,

the current rule contains different requirements for transport category

airplanes based on their certification date and their date of

manufacture, but it does not have different requirements based on

airplane model. The proposed rule, however, would alter that approach

by establishing one common set of requirements (after August 18, 2002)

for all 8-737s regardless of when they were manufactured, while

maintaining the different requirements for all other transport category

airplanes based on their certification dates and dates of manufacture.

Another change in approach is that the proposed rule would specifically

require a 8-737's FDR system to record more flight data parameters than

are recorded by FDR systems in other transport category airplanes of.

similar age. The final change would be that the proposed rule would

require the B-737 to record 3 new flight data parameters that no other

transport category airplane would be required to record.

10



-Although  the proposed rule wOUl3 r,3t require that a FDAU be retrofitted

rnto the B-737 FDR system, industry sources have reported that the

alternative of retrofitting a second recorder into the FDR system would

be core expensive than retrofitting a FDAU into the FDR system. In

addition, there are technical difficulties that have not been evaluated

in integrating two separate FDR systems into one coherent, synchronized

system. From a practical standpoint, only a B-737 equipped with a "DALI

would have the capability to record all of the additional flight data

parameters. Retrofitting  an airplane with a FDAU involves substantial

airplane structural work (with the associated costs in labor and

airplane out-of-service  time)  whereas adding flight data parameters to

an upgraded recorder is considerably less costly in labor and airplane

out-of-service  time. In order to moderate the potential expense to

operators of 8-737s that do not have FDAUs, the proposed rule would

grant those B-737 operators an additional year to retrofit FDAUs and to

comply with the proposed rule. Granting those operators an extra year

would make it more probable that the airplane would undergo a regularly .

scheduled major maintenance  check within the time between the final rule

promulgation  date and the compliance date. By retrofitting the airplane

with the FDAU during this scheduled maintenance time (when the airplane

panels would generally be opened up to check the wiring and other

systems) the operator would reduce the costs of retrofitting the

airplane with a FDAU and adding the new flight data parameters - in

particular, the operator would reduce the airplane's out-of-service time

because additional maintenance  personnel-could be used to retrofit the

airplane with a FDAU while the other scheduled required maintenance is

being performed.

IV. INDUSTRY PROFILE

c



--h
I. . . ere are more B-737s currently in service than any other airplane mcdel

1.1 the world. Consequently, any proposed rule that would impose costs

on 3-'37s would affect a large segment of the aviation world. Not every

air carrier would be equally affected by the proposed rule becalze the

3-737 fleet varies both as a total number and as a percentage of

different air carriers' fleets. In this chapter, the FAA estimates the

current and future numbers of 8-737s by individual operator. In

addition, the FAA estimates the expected number of future flight hours

of the B-737 fleet because that would be a critical determinant of the

potential benefits as well as a source of future compliance costs.

3. METHODOLODY

For the purpose of quantifying the potential benefits and costs of the

proposed rule, the FAA has determined that a 20-year time frame would be

the appropriate length of time to evaluate the costs and benefits and

the economic impact of the proposed rule. The FAA anticipates that the

B-737 model will continue in production for the next 20 years (at least)

and the analysis of the potential effects of the proposed rule should

include the anticipated long-run effects and not focus solely on the

more immediate effects.

On its face it can be asserted that any attempt to predict the U.S. air

carrier industry's use of 8-737s for the-next 20 years would be plagued

with so many potentially erroneous assumptions about the long-term (as

well as general uncertainties about the industry and the world political

and economic conditions) that the entire effort would provide a textbook

case of an exercise in futility. However, some such predictions need to

12
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ze mace :n order to develop an economic analysis of *be Frooosadi.r L -

r*lie ._ *Consequently, these predicti ens should be viewed not as what x:"-*A

happen but, rather, as what is iikeiy to happen if certain reasonable

assumptions and projections prove to be valid and if there are no

signi ficant changes in the world economy (e.g., wars, depressions,  etc.)

or in the airline industry (oil embargoes, airline re-regulation,  etc.).

The FAA requests comments on the validity and propriety of the

assumptions and projections made in constructing these predictions.

c. CURRENT NUMBERS AND USES OF U.S.-REGISTERED  8-737s

C.1. Total Number of U.S.-Reqistered  8-737s by Owner/Operator

In the United States, almost all 8-737s are used exclusively in '.

passenger service. The FAA is aware of one U.S.-registered B-737 that

has been reconfigured as an all-cargo airplane, although about a dozen

have been reconfigured  as a combination passenger/cargo (combi)

airplane.

Table IV-1 is a list of the U.S.- registered B-7373 by operator/owner as

of the end of 1998. This Table separates the owners/operators of U.S.-

registered 8-737s into five categories: (1) air carriers providing

passenger service under part 121 (A); (2) non-U.S. air carriers

operating U.S. -registered 8-737s under part 129 (F); (3) lessors and

brokers who had possessionof B-737s that were not leased to an operator

when the B-737 airplane data were collected (L); 4) private operators,

including VIP/Executive users, of 8-737s (P); and (5) aviation equipment

manufacturers  (M).

13



-m1.. 322,’ - - - 3” .., --- -.. ‘n e type of xe the 3-737 provides is Listed ;wkera

known j foT: each af these operators/owcers. These '-lses  are classified 3s

!I) ?assenger (PI; (2) Combi CC); (3) Freighter (F); IjIP/6xecut--Je  (71).I

and Experimental (X).

TABLE IV-l'

NUMBER OF U.S.-Registered  8-737s AND THEIR USE BY
OPERATOR/OWNER AT END OF 1998

Operator/Owner

Southwest Airlines A
Vnlted Airlines A
US Airways A
Continental A
Celta Air Lines A
America West A

Alaska Airlines A

Aloha A

Frontier Airlines A
Metrojet A
Winair A
Vanguard A
Airtran Airways A
Eastwind Airlines A
Pro Air A
Accessair A
Pace Airlines A

Casino Express A'
Ryan International Airlines A
American Airlines A
Lorair A
Nations Air Express A
North American A
Sierra Pacific A

TOTAL for A

TACA International Airlines
Aerolineas Argentina1
China Southern Airlines

TOTAL for F

Category

24

Use Number of 8-737s

P 280
P 190
P 189
P 170
P 86
Total 65
P 63
C 2
Total 4s
P 37
C 8
Total 18
P 12
C S
F 1
P 17
P 13
P 10
P 9
P 8
P S
P S
P 3
Total 3
P 2
V 1
P 2
P 2
P 1
P 1
P 1
P 1
P 1

1,125

P
P
P

1s
2
1

18

' The source is Jet Information Servicea, Inc. World Jet Inventory Year-
End 1998,  March, 1999.

14



- . 2 -“-^‘zJtLf~n.---.,. ,J-y4-
2x4 Air zoup
;etz Lnc: -
TV; +L-L- 3n Aviation
Jet Avan Corp.
Nor:.istar Presidio Mgmt.
Xll;nlng:on Trust
9 Lives Holdings
3oei2q Capital
PVC-Ai srs*AD
Ea-72' i?C.

Fin&I*. Inst.  us

7irst Security Bank
Gecas
ILFC
Znternational Pacific Trading
Pegasus Aviation Group
Powerhouse Corp.

L

i
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

TCTAL for L' 17

AFWICO I? Total

EG&G
Arco
Southern Aircraft Services
Club Excellance
Davis Oil Co.
GE Air Transport Services
Gund Business Ent.
ITT Flight Operations
Magic Carpet Avn.
Northeast-Delaware
Picton Ltd.
Sky King Inc.
Sports Jet
Tag Group-USA
Tracinda Corp.

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

TOTAL for P 16 27

Boeing
Northrup-Grumman

M
M

TOTAL for M 1

GRAND TOTAL, 62

c

X

C

v

V

V
X

5
4
3
3
2
2
2
1
1
1
1
1
1
1
1
1
1
1

31

6
3
3

5
2
2
1
1
1
1
1
1
1
1
1
1
1
1

1
1

2

1,205

C.2. Distribution of B-737s by Series and Year of Manufacture

* These are B-7379 that were in the physical possession of the broker or
lessor at the end of 1998. Although they were not in active service,

15



-‘-a .T’~C3~S1$4-..- y- uu rule Wouici LAmpOSe difr^ere.h,t compLiance costs

Gepending- upon whether the 3-737. . 1s e,quipped  with a FDALJ and upon the

n,zber of flight data parameters c?lrrently being recorded. As detailed

in Section 1II.A. of this Preliminary Regulatory Evaization, under the

1397 3FDR regulations, the FAA established  different minimum numbers of

c 1&.L 1; ht data parameters required to be recorded based primarily upon the

year of manufacture. Although some B-737 operators have exceeded the

FAR minimum flight data recording requirements on their 8-737s

manufactured  before October 11, 1991, most have elected to only meet the

minimum FAA flight data recording requirements due to the expense of

adding a FDAU to record the additional flight data parameters (as

discussed in Chapter II of this Preliminary Regulatory Evaluation).  In

fact, the FAA is aware of only Southwest Airlines and United Airlines

that have (or are in the process of) retrofitting all of their 8-737s to

record 22 flight data parameters. Consequently, for most B-737s, the

date of manufacture  is a good indicator of the FDR system's capabilities

and the number of flight data parameters that are being collected in

that airplane.

The existing B-737 fleet has been grouped into the following 3

categories: (I) B-737s manufactured before October 11, 1991, that have

not been retrofitted (or would not have been retrofitted by August 1,

2001)  with a FDAU; (2) 8-737s manufactured before October 11, 1991, that

have been retrofitted (or would have been retrofitted by August 1, 2001)

with a FDAU; and (3) 8-737s manufactured after October 11, 1991.

The FAA did not query every B-737 owner or operator to determine how

many of these 8-737s have been retrofitted (or would have been by August

1, 2001) with a FDAU, but the Air Transportation Association (ATA)

they are available to be leased and, as such, are included in the total
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-..34, -I'73"ps zr;e 1 r .members (who reported that they currently opera.te

1,373 3-L737s) concerning the number the11 operate in each of the

I r: d F *Jidual B-737 series and the FDR system capabilities of their

airplanes. In addition, several of these same airlines provided

;,-fzraation directly to the FAA concerning whether they have or intended

to have their 8-737s retrofitted with FDAUS.~ Appendix A to this

document duplicates the Jet Information Services, Inc. report of the age

distribution of the B-737 fleet for all U.S. owners and operators.4

On that basis, as seen in Table W-2,' the FAA has estimated that of the

existing 1,205 8-737s affected by the proposed rule, 851 were

manufactured before October 11, 1991,  while 354 were manufactured after

October 11, 1991. Of the 851 manufactured before October 11, 1991, the

FAA estimated that 529 have not and would not be retrofitted with FDAUs

whereas 322 have or will be retrofitted with FDAUs.

D. FUTURE PRODUCTION OF U.S.-REGISTERED B-737s

In order to estimate the future production of U.S.-registered B-737sm

the FAA has adopted its estimate6 of a 4.1 percent annual net increase

in the two-engine U.S. narrowbody airplane fleet during the next 10

years. The FAA has further assumed for the purpose of this analysis

number of U:S.-registered  8-737s.
3 For 1991, the FAA has assumed that about 75 percent of the B-737s
delivered in 1991 were delivered before October 11, and are assumed to
have bemn delivered without FDAUs.
4 The totals found in Appendix B and Table IV-2 differ by 7 because
Appendix includes the 11 U.S. government.owned  8-737s and does not
include the 18 U.S.-registered B-7373 operated by non-U.S. air carriers.
The FAA has assumed that the age distribution of these two groups would
be the same as that for the rest of the B-737 fleet.
' The primary source is Jet Information Services, Inc. World Jet
Inventory Year-End 1998, March, 1999. However, these data were provided
as 3 groups of these airplanes rather than by individual B-737 series.
As a result, these data have been modified based on FAA data from its
National Aviation Safety Data Analysis Center (NASDAC).
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LO-C  --*
-..a- --.- s azr.~.ai 2et increase wlii zont1nse through years 11 '13

23. Fi.nally, the FAA has asscmed teat this annual net increase for - '"-. ,e

-,wc-er.gine U.S. narrowbody fleet 1s a close proxy for the annual net.

*?r-oase of the U.S.--&..Wd w &egistered B-737 fleet.

TABLE IV-2

NUMBER OF B-737s BY SERIES, DELIVERED YEAR, AND FDAU STATUS

However, as production  is also related to replacement,  the FAA has

accepted the Boeing estimate' that about 30 percent of the world fleet

will be retired between 1997 and the year 2017, for a FAA-calculated

annual retirement rate of about 1.35 percent. The FAA has assumed that

this annual world fleet retirement rate (hence,  the replacement rate):

(1) can be extended for the years 2018 and 2019; (2) is a reasonable

proxy for the world narrowbody fleet retirement (i.e., replacement)

rate; and (3) is a reasonable proxy for the U.S.-registered  B-737 fleet

retirement (i.e., replacement) rate.

6 Federal Aviation Administration Office of Aviation Policy and Plans,
Aerospace Forecasts Fiscal Years 1999-2010,  March, 1999,  p. 111-45.
' Boeing Corporation, "Welcome to Boeing, Commercial Aviation, Market
Information," May 17, 1999. Boeing Internet site.
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- ‘I-. ..iS. i2Cll7.j  tk3t estimated 1.35 percent annual repiacement fate

:,3 c,ke F.W's
-. -

estimated arm,ial net increase of 4.1 percent produces an

estimated annual B-737 production rate of 5.45 oercent- of the prev;ous

years' U.S.-registered  B-737 fleet.

Therefore, as shown in Table IV-3, on the bases of these assumptions and
.

oredictions, the FAA has estimated that the proposed rule would affect

. 2,402 9-737s that would be manufactured  between 2000 and 2020 and would

tecome part of the U.S.-registered  fleet.

2. NUMBER OF FLIGHT HOURS OF U.S.-REGISTERED  8-737s

E.l. Introduction

The FAA has estimated the number of annual flight hours for the current

U.S.-registered  B-737 fleet and for the future U.S.-registered B-737

fleet.

E.2. Current Flight Hours

The different types of operations and uses of the B-737 imply that there

would be different “average” annual flight hours for specific operations

and uses. In reality, even within a specific type of operation (e.g.,

passenger airlines) there are differences in "average" annual flight

hours among operators. However, for the purpose of this initial

regulatory evaluation,  one "average" number of annual flight hours is

estimated for each of the following categories of operation: (1) B-737

TABLE IV-3
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35; I;Jf&qTE 3 Ni'k!BER iJF ADD ITIONAL AND ?.E?Z,ACEMENT ?RO
-. - IN T;%E J.S.-REGISTERS3  'LEST3

DUCTZON 3-737s

?3AR B-737 TOTAL NL'MBER 70 NUPIBER TO
FLEET NUMBER INCREASE REPLACE

PRODUCED FLEET FTrETb dti
1333 1,205
i339 1,254 66 49 16
-L 'J -,-I,-)  'J k 1,3C6 68 51 17

I

2001 1,353 71 54 18
2002 1,415 74 56 18
2003 1,473 77 58 19
2604 1,534 80 60 20

TOTAL 2000-2020 2,144 1,613 531

regularly scheduled passenger service operated under parts 121 or 129;

(2) broker/lessor B-737s; (3) private operators of B-737s, including

VIP/Executive users; (4) operators of freighters or combi 8-737s; and

(5) all 0ther operations, including school, training, experimental, or

test operations.

Based on its data on the number of U.S. commercial air carriers' two-

engine large narrowbody airplanes in 1998 (3,.056)  and the number of

total flight hours flown by those same airplanes (8.642 million),' the

FAA has calculated that the typical U.S. commercial air carrier two-

* Any individual year's total production may not be the sum of the new
fnd replacement production due to rounding error.
Federal Aviation Administration Office of Aviation Policy and Plans,

Aerospace Forecasts Fiscal Years 1999-2010, March, 1999,  Table 17, p. X-
19 and Table 18, p. X-20.
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s-7. -e-..,A.. Large narrowbody flies an annual average of 2,825 hours.

zor th-e.pu-rpose  of this lnitiai regulatory eval*zation,  the FAA hasL

assumed that this narrowbody fleet estimate is applicable to the B-737

fleet operated under parts 121, 125, and 129.

Although the majority of the 8-737s in the possession of brokers/lessors

are not currently flying, they are included in the FAA data because they

have not been permanently  retired.'" Consequently,  for the purposes of

this regulatory evaluation, the FAA has assumed that these airplanes

will average the same number of flight hours as their counterparts

currently active under parts 121, 125, and 129.

For those B-737s operating as freighters or combis, the FAA has

previously  estimated" that these airplanes fly, on average, about two

thirds of the hours flown by their commercial passenger counterparts.

On that basis, the FAA has estimated that these B-737s will have an

annual average of 1,885 flight hours.

A B-737 operating as a private or VIP/Executive airplanes would

typically fly fewer hours than would the average commercial passenger B-

737. However, at this point in time, the FAA does not have a direct

measure of the number of those hours. Consequently, for the purpose of

this initial Regulatory Evaluation, the FAA has assumed that these B-

737s will have one quarter of the annual flight hours (about 700 hours)

logged by their commercial.passenger  counterparts.

lo The FAA has assumed that all of these B-7379 will be leased or sold
for use in the United States and, thus, would be affected by the

P
ropo'sed  rule.

' In a not-yet-released Initial Regulatory Evaluation for TCAS II in
All Cargo Airplanes.
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_-- b-2, .L  7.3 zne dlsc+dssion in the preceding paragraph, the F&A

does not have a direct measure of the r.umber of average annual fl1gzt

hours for those 8-737s operating for school, training, experimental,  or

test purposes. Consequently, for the purpose of this initial Regulatory

3 .#. aluatiorA, the FAA has assumed that these B-737s 7~~111  aiso have one

quarter of the annual flight hours (about 700 hours) logged by their

commercial passenger counterparts.

As shown in Table IV-l, of the current B-737 fleet of 1,205 airplanes,

the FM has estimated that 1,128 are in commercial passenger service, 29

are currently under the control of brokers/lessors, 14 serve as

freighters or combis, 20 are private or Executive/VIP airplanes, and 13

are used for school, training, experimental, or test operations.

Using the number of estimated annual flight hours in conjunction with

the number of B-737s in each of the various categories, the FAA has

calculated that the U.S.- registered B-737 fleet logged 3.308 million

flight hours in 1998, which, in turn, produces a weighted average of

2,750 flight hours per B-737 in 1998.

E.3. Future B-737 Flight Hours

In order to estimate the future number of total B-737 flight hours, the

FAA has-assumed  that the estimated number of flight hours per B-737 in

1998rwill remain constant during the 20-year time period. Under that

assumption, the annual rate of increase in the B-737 fleet flight hours

will be identical to the annual net rate of increase in the B-737 fleet,

which would be 4.1 percent.
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-m ‘St- ..a 3s 3 .?. 3 w r. 1 I? Table 111-4, using a 4.1 ;=ercent annl?a; increaserl &

;-lA. t.",e*number of U.S.-registered  B-737 fleet flight holurs results 1:!i

ckem growing from 3.318 milLion in 1998 to 7.119 million in 2217 .

TABLE IV-4

ESTIMATED TOTAL NUMBER OF FUTURE B-737 FLIGHT HOURS

Year

1998 3.318
1999 3.454
2000 3.596
2001 3.743
2392 3.897
2003 4.056
2004 4.223
200s 4.396
2906 4.576
2007 4.764
2008 4.959
2009 5.162
2010 5.374
2011 5.594
2012 5.824
2013 6.062
2014 6.311
2015 6.570
2016 6.839
2017 7.119
2018 7.411
2019 7.715
2020 8.031

TOTAL (2000-2020) 108.190

Number of B-737 Flight Hours
(in millions of hours)
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A. ;NTRODUCTTON AND 3ACXGRCL'ND

AZ z-z=4 system does not, in and of itself, prevent accidents; it is an

investigative tool that has traditionally been used after an accident or

an incident to provide a greater understanding of its dynamics and

. probable causes. Recently, several airlines are beginning to collect

FOR system information about routine flight operations in order to share

(through developing Flight Operations Quality Assurance Programs (FOQA))

and facilitate identifying trends in an airplane's performance and

flight crew actions that may identify potential problems before an

accident occurs. Discovering these trends may allow the airlines and

the FAA to take corrective action without necessarily waiting for an

accident to reveal a potential problem.

Based on the two B-737 accidents for which the NTSB could not

definitively  determine the causes, the FAA has concluded that B-737 FOR

systems do not record all of the appropriate flight data parameters.

Consequently, increasing the number of flight data parameters recorded

by B-737 FDR systems would increase.the probability that it would record

flight data that could conclusively establish the causes of some future

B-737 accidents. Without these flight data, the causes of some future

B-737 accident may not be discovered. Further, these flight data may

reveal a potential accident, cause after an incident investigation and

subsequent corrective action may be taken to prevent the first potential

accident. Thus, this increase in recorded B-737 flight data could

increase the probability that corrective actions may be taken that would

prevent a similar, future B-737 accident.
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-c-- 1s difficult to quantify the benefits of increased information

because an C9R system is an investigative tool,  and unlike a safetyL
cTev :ze, absent cl'&&lght data neither causes nor contributes to an airplane

accident. Therefore, any safety benefits of recording additional flight

data parameters would arise from the additional information's

contribution to discovering a potential accident cause, which then

results in corrective measures to prevent a future accident. However,

the FAA has no generally accepted method to measure the increased

probability  that additional flight data would identify a potential

accident cause that would not otherwise have been identified.

As a result, this chapter is organized to first present a qualitative

discussion of the potential benefits that may be the result of recording

additional flight data parameters. It then presents, to illustrate the -

general types of benefits that may arise from recording additional

flight parameters, a brief discussion of how recording additional flight

data parameters led to discovering the hazards caused by windshear and

the resultant development of rules and training programs that have

successfully reduced that hazard.

In addition to those qualitative discussions, this chapter contains an

estimated range of quantified benefits that may result from the proposed

ruler It first presents the potential quantified benefits from

preventing a B-737 catastrophic accident., It then presents an estimated

number of potential B-737 accidents with a quantitative estimate of the

potential benefits that may occur g the future B-737 rate of accidents

with an undiscovered cause would be the same as the future rate of

similar B-737 accidents. It concludes by providing several alternative
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srzoab:ilZles zoncernlng the aFfeCtiveness of the proocsed-*- L r 111 e 1 7.

preventing-these  potential, f'~ture 3-737 catastrophic unexpiained

3cz:dents.

C. QYALITATIVE  SENEFITS

C.l. General Senefits from Increased Flight Data Information

It needs to be noted that the following discussion of the potential

qualitative benefits from this proposed rule for 8-737s parallels that

same discussion in the FAA's January, 1997,  Final Regulatory Evaluation

of the Final Rule Revisions to Digital Flight Data Recorder Rules (1997

DFDR Regulations). The similarity arises because the central underlying

principle of both this proposed rule and the 1997 DFDR Regulations is

that the cause of a future accident may not be discovered unless

additional flight data information were available to the accident

investigators.

Previous increases in the number of recorded flight data parameters

required have enhanced the investigators' ability to determine the

causes of airplane accidents. The benefits from this enhanced ability

to establish the causes of airplane accidents have been two-fold. One

benefit has been that knowledge about the causes of airplane accidents

has directly led to corrective actions (i.e., airplane modifications or

changes in operating procedures) that has prevented future accidents. A

second benefit is that this knowledge about the causes of airplane

accidents has more precisely defined those airplane modifications and

operational problems that need to be addressed by research and

development programs.
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.-.. . 2mer3123 potential benefit from recording additional fligr,:

data parameters would occur ln conj,xct;on *rJith  the develcping FOQA

programs. The success of these programs in enhancing airplane safety

cJ;1i depend upon the success of analysts to evaluate recorded data from

rzut i.?e flight operations to spot potential emerging problems from

trends revealed by those data. Consequently, recording additional

flight data parameters may increase the likelihood of these types of

analyses discovering  potential airplane problems before they cause an

accident.

Nevertheless,  precisely because the cause of the two B-737 accidents is

unknown, the FAA cannot state with certainty whether the conditions that

caused these two accidents will recur. Further, even if those

conditions were to recur, the FAA cannot state with certainty that these

proposed additional flight data parameters would capture those

conditions because those conditions may not be detected by the proposed

additional flight data parameters. Thus, the FAA cannot determine with

certainty the potential increase in the probability of determining a

future B-737 accident's cause that this rule would provide.

However, two B-737 accidents in the past 10 years far which the causes

could not be definitively determined provide the FAA with a reasonable

basis to conclude that, had more flight data information been recorded,

the investigators would have had a greater probability of discovering

the causes and recommending appropriate corrective action. Further, the

NTSB and FAA both believe that, based on.their evaluations of the two B-

737 accidents, these additional flight data parameters would, in fact,

provide the necessary answers if a similar future B-737 accident were to

occur.
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- ; -. .-.L. .a *,,‘1 strative Zxample of :he 3enefits from Zzcreased

-1 I3.1 t-Data - Aindshear Related Accidents

“k* L. e <current situation, in which the investigations of the two B-737

major ac eidents could not definitively  determine their causes, ls, In

Important respects, similar to the history of accidents caused by

windshear. At first, there were a series of accidents for which the

Cause could not be determined. Then, through the accumulation of

pertinent FOR system information over a period of time, the cause of the

accider,ts was determined  to be windshear and corrective actions were

taken.

Windshear has been a cause of accidents since the beginning of aviation;

however, until the early to mid-1970s the aviation community did not '_

fully appreciate the effects of windshear on a low-flying airplane.

Although the 6-parameter FDR systems in use at that time were sufficient

to determine that windshear was present, the available information was

insufficient to determine airplane performance and flight crew response

in those situations (information that would have been extremely useful

in developing appropriate corrective measures). To a large extent,

therefore, the realization of this windshear effect resulted from the

analyses of data from engine, flight control, and aerodynamic parameters

recorded on enhanced 17-parameter FDR systems equipped on the newer

wide-bodied airplanes.

The value of increased flight data information as an investigative tool

is seen in the following three examples of investigations of major

accidents involving windshear:12

I2 Federal Aviation Administration, Final Regulatory Evaluation of the
Final Rule Revisions to Digital Flight Data Recorders Rules, Jan. 1997.
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a .* e Zecemer  L1, 13-3, Iberra Li, X-is-39 crash a:

3oston, became the first ;'.S. a,--;-,&dent where windsnear could be
p0sitl:~el-y Fdentif ied as a cause Of a large airplane accrdent. The 3C-
10's 96-parameter FDR system provided investlgacors with their first
real glimpse at the wizdshear phenomenon. The accurate and detailed
record of critical airplane performance and configuration produced by
the FDR system provided investigators their first opportunity to
substantiate the effects of windshear. As a direct result of the
Lzformation obtained from the FDR system, the NTSB was able to determine
t .kbri at the aircraft encountered windshear.

- The investigation of the Eastern Air Lines Jamaica, New York crash on
June 24, 1375 made extensive use of the FDR system's recorded
information. The investigation centered on the flight recorder data

. from the 3oeing 727 that crashed, and two DC-3s and an L-1011 that
encountered  weather difficulties in New York that day. The best
information came from the L-1011, which had an expanded parameter FDR
system. The microburst phenomenon was first described from this
investigation and, as a result, training programs were developed to
teach flight crews to recognize microburst situations and to instruct
them in the appropriate maneuvers to undertake in such situations.

- The Pan Am July 9, 1982 is another example where the accident
investigation made extensive use of the FDR system's recorded
information. From investigations of the FDR system's data it was
determined  the probable cause to be windshear.

Without flight recorder data, the causes for many of these accidents

would probably have been labeled as pilot error. However, once the

cause was properly identified, government and industry combined their

efforts to develop ground based and airborne windshear detection

systems, improved flight guidance systems, to make changes in training

techniques, and to take other corrective measures. In addition, the FM

adopted a rule in 1990 specifically  targeted to prevent windshear-

related accidents. As seen in Table V-l, the number of windshear

related accidents has become nearly zero since the introduction of the

1990 rule and the other actions.

The FAA believes that a similar result for the currently unidentified

causes of the two B-737 accidents may be obtained by recording the .

additional flight data parameters.
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WINGS-BEAR-RELATED  AV:AT:ON ACCIZENTS TO TRANSPORT CATEGORY AiRPLANES:j

Number of
Accidents 'atalitiesb

Serious
In;llries

Mirror
Injuries

1375- ?-!'rAl'0
1377
1373
1379
1380
1981
1382
1983
1394
1385
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

2
3
1
1
1
1
0
6
1
3
3
1
2
1
1
1
0
0
0
0
1
1
0
0

112
9
0
0
4
1

;
155

0
0

135
0
0
0
0

73
0
0
0
0
0
0
0
0

12 N/A
93 N/A

0 0
0 0
2 0
1 0
0 0

21 0
0 0
0 0

17 0
2 0
0 0
0 0
0 0

81 0
0 0
0 0
0 0
0 0
1 0
0 5
0 0
0 0

TOTAL 30 489 230 5

D. ESTIMATED QUANTIFIED BENEFITS FROM PREVENTING A CATASTROPHIC B-737

ACCIDENT

D.l. Methodology and Assumptions

D.1.a. Methodology

Several different methodologies can be used to quantify the potential

benefits of preventing a catastrophic B-737 accident, but given the time

l3 Sources are Federal Aviation Administration, Final Regulatory
Evaluation of the Final Rule Revisions to Digital Flight Data Recorder
Rules, January 1997, TABLE 1; and recent data from the National Aviation
Safety Data Analysis Center.
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3 ni zaso4,,, ,,,.stralnts,'.t-'r3 -em the FAA has concentrated  on only two.

The first-methodology  constructs a hypothetical scenario involvrng an
- .

"average" scheduled ax line a-737 flight that suffers a catastrophic

accident. The second methodology  constructs a "worst case" scenario in

which the largest B-737 series is completely filled with passengers and

suffers a catastrophic accident.

Another methodological consideration is whether or not to discount the

quantified benefits. The advantage of discounting is that the

quantified benefits and costs would be estimated using the same

methodology. The disadvantage of discounting is that it may give the

impression that preventing a fatality today has a greater value than

preventing a fatality 10 years from today. Similarly, the advantage of

not discounting  is that the assigned monetary value of preventing a

fatality would be the same whenever the fatality would have been

prevented. The disadvantage is that undiscounted quantified benefits

cannot be validly compared to discounted costs. As a result, the FAA

has determined  that discounting the quantified benefits is the

appropriate methodology in order to allow a valid cost and benefit

comparison.

D.1.b. Assumptions

The FAA has made the following assumptions to quantify the benefits from

preventing  a B-737 accident:

(1)  l The future B-737 accidents that the additional flight data

parameters would prevent (if the parameters were to reveal a specific

problem that would be correctable) are catastrophic accidents that

result in the deaths of all aboard and the total destruction of the

airplane.
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,2) . ‘:?e average annuai net rate of growth Ln :?,e total

n*znbe r* zf 8-737 flight hours ~111 equal the projected average anzzai net

rate of growth of 4.1 percent"' in the nu,mber of 9-737s.

(3) * Sased on the Department of Transportation's  latest estimate,

e 'n Q_..I *value of a fatality avoided is $2.7 million in year 2000 dollars.

W. The average value of a destroyed B-737 would be about $20

million" - noting that this is a weighted average value based on the

current distribution  of 8-737s airplanes by series and age in the U.S.-

registered fleet.

(5) * Based on the Lockerbie, Scotland, investigation (updated to

year 2000 dollars), the FAA estimates that an airplane crash

investigation would cost the U.S. government,  the airline, and the

manufacturer  about $31 million.

(6). The ground collateral damage would average about $5 million

per accident with no fatalities among the ground personnel.'6

(7) * A 20-year time frame because these have been infrequent

accidents and a sufficient period of time is needed in order for the

probability of a potential accident to be greater than 0.5.

(8). The discount rate used is the OMB-mandated  7 percent rate

that government regulatory  agencies use in their cost/benefit analyses.

.

0.2. Quantified  Benefits for Avoiding a "Typical" 9-737 Accident

In the two B-737 accidents whose causes are not established, one of them

was near  passenger load capacity and the other was well below capacity,

a pattern that is not typical of these airplanes in U.S. domestic

l4 FAA Aerospace Forecasts Fiscal Years 1999-2010, March, 1999, p. Iii-
45.
I5 Avitas, Jet Aircraft Values, 2nd Half 1997, 1997.
l6 Obviously a truly "worst case" scenario would have a B-737 crashing
into a nuclear power plant or the Trump Towers at 2:30 P.M. on a
Wednesday. However, the FAA believes that using that extreme example
stretches the example into the realm of fantasyland.
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SCh-*ed’~~~.d zznnerclal  aviatisr.  servi-Q--. Consequently,  the F.JA

,csnsttl-lct6d a hypothetical model of an "average" nu,mber of passengers in

an average B-737 U.S. domestic scheduled flight rather than using an

average of the two previous accidents.

The listed maximum seating capacities for the various B-737 models range

from 110 passengers to 175 passengers for the B-737-900, with the

weighted average of the current fleet (based on the number of 8-737s by

individual model in service) being about 130 passengers. The FAA has

estimated that the average domestic Part 121 aircraft operates at a 70.1

percent load factor,i' which yields an average of 91 passengers and 5

crew members (pilot,  co-pilot, and three flight attendants)  per B-737

flight. Thus, the FAA has determined that the "average" B-737 U.S.

domestic scheduled passenger flight transports about 96 people.
'_

On that basis, the FAA has estimated that an "average" B-737 accident

would incur "costs" of about $259.2 million for the 96 fatalities, about

$20 million for the destroyed B-737, about $5 million for the collateral

ground damage, and about $31 million for the accident investigation.

Thus, the quantified benefits from preventing an "average" B-737

accident would be about $315.2 million.

D.3.  Quantified Benefits for a "Worst Case" B-737 Accident

With a listed maximum seating capacity of 175 passengers, the B-737

would be required to have 6 flight crewmembers (pilot, co-pilot, and 4

flight attendants) for a maximum of 181 people. In addition, this

maximum seating capacity would be for in a new B-737-900, which has an

average cost of about $57.5 million.
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Zn that *basis, the FAA has estimated that a "worst case" B-737 accident

vdould "cost" about $488.7 million for the 181 fatalities, about S57.5

million for the B-737-900, about S5 million for the collateral damage,

and about $31 million for the accident investigation. Thus, the total

quantified benefits from preventing one "worst case" B-737 catastrophic
.

accident would be about $582.2 million.

E. ESTIWTED R4T': OF B-737 UNEXPLAINED CATASTROPHIC  ACCIDENTS AND

PROJECTED NUMBER OF FUTURE SIMILAR ACCIDENTS

B-737s have logged about 92 million flight hours'in the United States

since the first B-737-100 entered commercial service in 1968".

Dividing that 92 million flight hours into the 2 B-737 catastrophic

accidents whose causes have not been discovered generates an historical

accident rate per flight hour of 2.17 E-8 for catastrophic, unexplained

B-737 accidents.

As developed in Table IV-4, the FAA has projected that there would be

about 108 million B-737 flight hours in the United States during the 20-

year time frame of this analysis. Multiplying the historical B-737

accident rate by the number of projected future B-737 flight hours

generates an estimate of between 2 and 3 (the statistical expected

number would be 2.34) unexplained catastrophic B-737 accidents in the

United States that would occur during the next 20 years if the following

assumptions are accurate:

(1). The flight data parameters needed to determine the causes of

'these accidents would not have been recorded under the 1997 DFDR

" FAA Aerospace Forecasts Fiscal Years 1999-2010, March, 1999,  Table
14, p. X-16.
'* Source is the National Transportation Safety Board.
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.Q) *- The historical B-737 accident rate *would continue F n t ihe

absence of recording the additicnal fli3ht data parameters required by

the proposed rule.

F. EST:V?TED POTENTIAL QUANTIFIED LOSSES FROM B-737 UNEXPLAINED FUTURE

CATASTROPHIC  ACCIDENTS

F.l. Expected Years of the Future B-737 Accidents

The impact that discounting has upon the present value of the prevented

accident critically depends upon the date it would have occurred. For

example, the impact of discounting on the present value of the prevented

accident would be minimal if the prevented accident would have occurred

within a year or two after the promulgation of the final rule, whereas

the impact of discounting on the present value of the prevented accident

would be at its greatest if the prevented accident would have occurred

19 years after the promulgation of the final rule. When determining the

probable date of the potential prevented accident, the appropriate

statistical approach is to determine the year in which the cumulative

probability of the accident occurring reaches 0.5.

Using that theoretical approach and remembering that the number of

flights is increasing by 4.1 percent every year, if 2 accidents were to

OCCUP during the 200year time period, the statistically likely years of

their occurrences would be in 2006 and 2016. If the statistically

expected value of 2.34 accidents were used, the statistically likely

years of the two accidents occurrences would be in 2005 and 2014.

Finally, if 3 accidents were to occur during the 20-year time period,

3s



--a_.I_ stat;stically  likely years of their occurrences would be in

2oc4,.  2011, and 2017.

F.2. Estimated Potential Quantitative Losses for "Typical',  B-737

kcidents

Thus, as seen in Table V-2, using the "average,,  estimated number of

fatalities, the present value of the total cost of the B-737 accidents

would be between $296 million and $458 million over the 20-year period,

with the expected average value of $343 million.

F.3. Estimated Potential  Quantitative Losses for "Worst Case,, B-737

Accidents

Thus, as seen in Table V-2, using the "worst case" estimated number of

fatalities, the present value of the total cost of the B-737 accidents

would be between $547 million and $846 million over the 20-year period,

with the expected average value of $633 million.

F.5. Summary of the Potential Quantitative Losses for B-737

Accidents

Thus, as seen in Table IV-2,  the present value of the potential losses

over 20 years discounted  at 7 percent can range from $296 million to

$846 million, depending upon the assumptions. If the expected value of

the number of B-737 accidents (2.34) were used, the present value of the

losses would be between $340 million to $633 million.
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PRESENT 'JAL:'E OF THE ZUANTICIED LOSSES "ROM TiiE
POTENTIAL 3-737 ACCIDENTS

(in S millions)

CATEGORY NUMBER OF ACCI3ENTS

2 ACCIDENTS 2.34 ACCIDENTS 3 ACCIDENTS

1. Worst Case 547 633 846

2. Average 296 343 458

G. ESTIMATED POTENTIAL QUANTIFIED BENEFITS OF THE PROPOSED RULE

G.l. Effectiveness of the Proposed Rule

Since the 1997 DFDR regulations, several incidents of uncommanded rudder

movement have occurred for which the FDR systems were unable to record

their causes. This experience has demonstrated that, until the cause of

these uncommanded rudder movements can be determined,  proposed FDR

system enhancements can not be assumed to be completely effective a

priori. Nevertheless, it is the expert judgment of the NTSB and the FAA

that this proposed rulemaking would identify the causes of these

uncornxnanded  rudder movements.

G.2. Decision Errors

There are two possible decision errors from this rulemaking. The first

error is that the expert judgment of the NTSB and the FAA is accepted

when this judgment is incorrect. The cost of this error is equal to the

cost of this rulemaking, if no other benefit occurs. The second error

is that of rejecting the expert judgment when in fact it is correct and

one or more unexplained B-737 accidents occur as a result. Using the

previously described benefit methodology, one avoided B-737 accident in
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--a_..w r. e x ‘, s:x years would offset the estlnated S205 *mALlion

incremental compliance cost of this proposed rllle. As the cost of the

rTL-lle, once the rule would be implemented, would occur regardless of the
.

octcome 0 the decision error of rejecting the expert judgment when it is

zsrrect increases  as an otherwise avoidable B-737 accident occurs closer

t0 the present, i.e., if an accident occurs this year the loss would be

about $315 million.

G.3. Quantified Potential Benefits from the Proposed Rule

With an expected value of 2.34 B-737 unexplained accidents during the

next 20 years, the present value of the losses is estimated to be

between $340 million to $633 million. The benefit of these expected

preventable accidents must be allocated between identifying the problem

and the implemented solution; i.e., the resultant regulatory action.

The purpose of this proposed rulemaking is to identify the cause of the

uncontrolled rudder movements.

As the existing onboard flight data recorders did not provide enough

information to determine the cause of uncontrolled rudder movements in

several separate incidents, the risk of an accident is likely to be real

and the cause remains undetermined. Even if it cannot be specified, a

priori, how effective this proposed rulemaking will be, it 'is clear the

identification for the cause of these uncontrolled rudder movements is a

necessary  condition for a solution.

If the proposed diagnostic improvements from this proposed rule

correctly identify the causes of these incidents, then at least one .

expected avoidable accident can be attributed to this rulemaking.

Without diagnostic improvements to the existing B-737 FDR systems, the

.
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3eq*;enze  0: incidents  with indeterminate cause(s) may contrnue

untrl 'an uRcontrolled  rudder accident occurs and the cause is then

determined from the wreckage. SJhiLe more than one accident could be

attributed to this proposed rulemaking, one prevented B-737 accident

today is worth approximately  $315 million, or a present value exceeding

$200 million any time within the next six years.
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A. INTRODUCTION

The proposed rule would impose compliance costs on several different

parties, but the three principle parties would be Boeing, third-party

holders of certain B-737 FDR system Supplemental Type Certificates

STC), and owners/operators of 5-737s. The proposed rule would affect

all existing U.S.- registered 8-737s as well as all future manufactured

8-737s that would have a U.S.-registry.

8. FAA REQUEST FOR COMMENTS AND DATA

The estimated incremental compliance costs in this Initial Regulatory

Evaluation critically depend upon the underlying methodology,

assumptions, and data. The FAA requests comments on the methodology,

assumptions, data, and estimates made in this analysis. The FAA also

requests that commenters provide supporting data to correct any errors

or to increase the accuracy of the FAA estimates.

C. AVALABILITY  OF SPREADSHEETS

The spreadsheets that are the bases of the numbers reported in the text

are available in the Appendices to this report.

D. BASELINES, METHODOLOGY, AND DATA SOURCES

D.l. Baselines

The baselines used to compute the incremental compliance costs with this

proposed rule are (1) current industry practice; and (2) the expected
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;..-.. rp-d-A-- industry practices were the proposed rule not promtulgated.

some aL737-operators  currently record more flight data oarameters th.an.

the minlmuxn  number required by the 1997 DFDR regulations. As the

estimated compliance costs are incremental (the "delta,, in engineer-

speak) costs, those operators whose B-737s already record some of the

proposed additional flight data parameters would not incur compliance

costs for those particular flight data parameters. However, those same

operators would incur compliance costs to retrofit their 8-737s to

record the proposed new flight data parameters that are not being

recorded. Consequently, different operators will start from different

initiai baselines and the resultant incremental compliance costs will

differ depending on the FDR system and the number of flight data

parameters being recorded.

In addition, the compliance costs with this proposed rule are calculated

from the baseline that the B-737 operators and Boeing have incorporated

(or will incorporate)  the 1997 revisions to the flight data recorder

rule. Further, any costs to comply with those 1997 revisions are not

included as a cost of this proposed rule. The FAA contends that those

expenditures are, in economist-speak, "sunk costs" that would been spent

regardless of whether this proposed rule is promulgated. Nevertheless,

the FAA has provided some estimates of those compliance costs for the B-

737s in this Initial Regulatory Evaluation in order to provide a more

complete picture of the total costs of complying with recent and

proposed future flight data recorder requirements.

The other baseline used is that the incremental compliance costs are

calculated over the same 20-year time-frame starting in the same year

(2000) as is used to quantify the estimated potential benefits.
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3. 2. !4ethodoloqy

. . -

The estimated compliance costs of this proposed rule do not incllude any

estimates of future costs rules that the FAA may develop in response to

the additional recorded flight data.

The two analytically  equivalent methods to express compliance costs are:

(1) the discounted present value; and (2) the annualized cost. The

discounted present value is the sum of each future year's costs over the

appropriate time period discounted by the rate of return back to the

first year. The principle governing this procedure is that, independent

of inflation, a dollar spent (or received) in the future is valued less

than a dollar spent (or received) today. Discounting is simply the

means to calculate the current year's equivalent value of a future

payment or receipt. The annualized cost is calculated by transforming

the discounted present value into a yearly cost based on the rate of

return over the entire time period. Analytically, these two methods are

equivalent to a property purchase in which the value of the mortgage

(assuming no down payment) would be the discounted  present value while

the yearly mortgage payment would be the annualized cost.

The FAA has chosen to use the discounted present value compliance costs

because about 80 percent of the costs would be incurred by August 18,

2001. Using an annualized  cost would be somewhat misleading because it

would give the impression that these costs could be spread out over the

200year time-period.

The rate of return is a critical factor affecting the compliance cost

calculations. This Initial Regulatory Evaluation has used a 7 percent

rate of return because, in order to ensure consistency among Federal
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v)rr?L;,- qy-1- -1 -d-y agencies, OMB has mandated that Federal agencies use a

7 oercent rate of return xhen evaluatlnq proposed and final regulatory

actions.

D.3. Data Sources Used to Estimate the Compliance Costs

The FN4 has relied upon several different data sources for the estimated

incremental compliance costs. As described in Chapter III of this

Initial Regulatory Evaluation, the FAA has used an ATA survey in

conjunction with both the 1999 World Jet Survey and the FAA National

Aviation Safety Data analysis Center (NASDAC) system to determine the

number of U.S. -registered 8-737s by operator, series, and airplane age.

This information,  in turn, allowed the FAA to estimate the number of

these airplanes that have a FDAU as well as the number of flight data

parameters currently recorded by each B-737.

To determine the individual FDR system equipment costs, the FAA has used

cost data supplied by 2 recorder and FDAU manufacturers as well as cost

data supplied by several airlines. The ATA survey also reported its

members' estimates of the costs of complying retrofitting their B-737s

to comply with the proposed rule. Further, representatives of 6

airlines" directly provided estimates to the FAA of their actual and

expected costs to retrofit FDAUs and to rewire their B-737s to increase

the number of recorded flight data parameters from 18 to 22. A

representative of a repair .facility provided estimates of the costs to

obtain STCs as well as the costs to retrofit the new proposed flight

data parameters (a)(89)  through (a)(91)  and (a)(88)  with its increased

sampling rates to existing B-7373. Boeing also provided a preliminary

ig Allied Signal and Teledyne.
" Southwest, United, USAirways, Continental, Delta, and America West.
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estimate of r_he anticipated costs of manufacturing  future 3-73:s

with the'cabability  of recording the proposed new flight data

parameters.

Finally, the FAA has relied on its analysis and expertise to provide

certain individual cost and hour estimates when other data were not

available or could not be obtained.

E. GENERAL DISCULCSION OF THE COSTS OF COMPLYING WITH THE PROPOSED RULE

E.l. General Categories of B-737s Used to Estimate Potential

Compliance Costs

The FAA basic unit for calculating the compliance costs was the B-737

series (i.e., 200, 300, 400, etc.). In addition to those 8 basic

series," the FAA also differentiated between the B-737-200 and the B-

737-200 Advanced. Finally, for the B-737-300, -400, and -500, the FAA

separated each of those 3 models into 2 groups; those manufactured

before October 11, 1991, and those manufactured after October 11, 1991.

This separation was made because all airplanes manufactured after

October 11, 1991,  were manufactured with a FDAU. Thus, there are 12

basic categories of B-7379 for which the FAA estimated an individual

compliance cost. However, it should be noted that there is sufficient

similarity among these B-737 series that these individual compliance

costs are the same for several of these different series.

Finally, these categories were further divided into 4 sub-categories

because the same series airplane would incur different unit compliance

*' The FAA believes that no B-737-100 FDR system would be retrofitted to
comply with the proposed rule due to the expense and the very short
future life expectancy of those airplanes in scheduled service.
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3zsts zepezdl,?g  ilpon its FDR systsm's capability. These 4 sib-

zategorieo  of 8-737s are: (1) pre-OCtsber il, 1991, B-737s that do not

have a FDAU and have (or will be) upgraded to record the 18 flight data

parameters; (2) pre-October 11, 1991, B-737s that have a FDAU and have

been (or will be) upgraded to record the 22 flight data parameters; (3)

post-October  11, 1991, 8-737s that have a FDAU and record at least the

34 flight data parameters; and (4) B-737-600/700/800/900s  (Next

Generation (NG) 8-737s) that have a FDAU and record at least 57 flight

data parameters.

E.2. Causes of the Compliance Costs with the Proposed Rule

The causes of the compliance costs with the proposed rule would be the

following: (1) One-time costs to reengineer existing B-737 FDR systems;

(2) One-time equipment and labor costs to retrofit additional FDR system

equipment in existing 8-737s; (3) One-time lost revenue from additional

out-of-service time to complete a retrofit; (4) One-time equipment and

labor costs to install additional FDR system equipment on future

manufactured B-737s; (5) Annual operational costs for parts and labor to

inspect, maintain, and replace the additional FDR system equipment; and

(6) Annual operational costs of additional fuel consumption due to the

increased weight from the additional FDR system equipment.

E.3. Assumptions  Used to Estimate the Unit Labor Costs

The FAA does not have the resources to visit each company and evaluate

-its salary and internal review structures to determine that company's

specific cost structure. Rather, the FAA has assumed that a standard

level of engineering competence is required to complete a reengineering

design analysis and that there is an average aerospace engineer's hourly
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da -;e rate ac r2ss all companies that would perform this anaiys;s.

'ph7 -A ..*a aYerag design engiceer's ho,~rly wage rate is then adjusted to

ac 35’2 r.t for fringe benefits, which makes it hourly engineer's

----ensation rate.- ""L.y This hourly total compensation rate is then further

adj?Lsted  : o account for the compensation  paid for the supervisory,

clerical, administrative, legal, etc. time associated with the

completion of a FDR system reengineering design analysis. These non-

. engineering hours are not directly included in the estimated time to

complete the FDR system reengineering. On that basis, the FAA has

calculated thar the adjusted engineer hourly total compensation rate

would be $100. Further, the average engineer work year is assumed to be

2,000 hours, for an adjusted engineer year labor cost of $200,000.

The FAA has followed that same approach in establishing an adjusted

hourly total compensation rate for airplane mechanics. That is, hourly

fringe benefits are added to the hourly airplane mechanic wage rate to

obtain an hourly compensation rate. Then, rather than estimating the

individual numbers of additional supervisory, clerical, administrative,

etc. hours that would be required to complete the installation and then

multiplying those hours by the various compensation rates, the FAA

adjusted the mechanic hourly compensation rate to account for those

other labor costs. On that basis, the FAA has calculated an adjusted

hourly total compensation rate of $75 an hour for a maintenance mechanic

(which is $15 an hour more than the FAA has used in its calculations of

labor costs in airworthiness directives (ADS).

F. ENGINEERING TIME COSTS FOR B-737 STC HOLDERS
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- .A. Introduction

-. -

As this is a part 121 and part 125 cperating rule, the ultimate

resnonsibility  for compliance with the proposed rule lies with the B-737L

cwner/operators. In complying with previous FDR system changes in

response to an FAA rule change or an issued AD, the general historical

pattern has been for the larger airlines to either use their own

maintenance or a third-party modification  shop and the smaller airiines

to use either the maintenance  facilities  of larger airlines or of other

third parties. Assuming that this pattern would continue for this

proposed rule, then the FDR system STC holders (the larger airlines and

the larger third-party maintenance  facilities) would need to obtain a

modified STC for any substantial alteration of a B-737 FDR system.

The standard practice associated  with past changes in B-737 FDR systems

has been for Boeing to perform the initial reengineering  and then to

issue a service bulletin, which serves as the basic blueprint used by

the FDR system STC holders. However, Boeing has not developed service

bulletins for flight data parameters (a)(19)  through (a)(22), (a)(88),

or the proposed (a)(88) through (a) (91). Thus, the proposed rule would

require each FDR system STC holder to complete its own engineering

analysis or to purchase the STC rights from an organization that has

done the engineering analysis and received the STC.

F.2. Acceptable Level.of Measurement for Compliance

In order to estimate the amount of engineering time needed to redesign

the FDR system, the STC holder needs to know the performance

requirements that the modified FDR system must meet in order to be in

compliance with the proposed rule. In light of that factor, Boeing

47
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expressed concern about the requirements of flight data Darameter
L

(a) ;88j 'and presented the fsllowing ZWO Fncerpretation options: (1)
Hoeing Option 1 is that the prcposed flight data parameter for rudder

control measurement would require only combined pedal input; and (2)

SoeFng Option 2 is that the proposed flight data parameter for rudder

control force input measurement  would require individual rudder pedal

force input.

Boeing Option 1 is consistent with its current B-737 manufacturing

specifications. Boeing Option 2 presents a different situation. With

respect to Option 2, Boeing has reported that they

“do not have a viable design solution that does not entail major
underfloor structural modification  and/or is a significant new
design and packaging development for the necessary transducers. .
My current assessment is a design development phase of 18 to 24
months culminating in a new production solution with kits to
retrofit the extensive 73i fleet being avaiiable about 6 months
later. . . . Although Boeing does not have a promising
alternative to address the individual pedal force requirement, ouraviation industry has demonstrated  time and time again the ability
to develop creative and clever solutions. To ensure that we are
seeking the best available knowledge, it would be prudent to
collect the information for two alternatives in the public
comment.""

Although the NTSB has recommended  that the Boeing Option 2 be considered

the appropriate interpretation  for compliance with (a) (881, the FAA has

interpreted its (a)(88)  requirement to be consistent with the

interpretation in Boeing Option 1. Therefore, the engineering time

costs for the B-737 FDR system STC holders has been estimated based on

that Option 1.

F.3. Cost of Engineering Hours for B-737 FDR System STC Holders.

** T.D. Fehr, Vice President, BCAG Airplane.Systems, Fax Transmittal to
Jim Jones, Federal Aviation Administration, May 26, 1999.
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-kaya are two generale.--- - types of engineering design costs associated

with the proposed rule. The first type is the manufacturer's or

airline's engineering time required to design the FDR system including

the parts (i.e., the recorder and the FDAU) to be used in a retrofitted

3-737 FDR system. The second type is the engineering time required for

the airline or repair station to obtain a FAA Supplemental Type

Certificate  /Parts Manufacturing Approval (STC/PMA) for the revised FDR

system.

'With respect to the recorder manufacturers' engineering costs, industry

has reported that the increased number of recorded flight data

parameters would require that a solid state recorder (installed to

comply with the 1997 Revisions to the Flight Data Recorder Rule) with a

memory capacity of 64 words per second (wps) would need to increase its.

memory to 128 wps. This increase would involve a software change that

would require FAA approval. The FAA has estimated that these one-time

recorder engineering costs would be about $5,000 per airline per B-737

series. The FAA has further estimated that about 40 of these FDR

recorder approvals would be required, for a total one-time engineering

cost of about $200,000 for the upgraded recorders.

Although the proposed rule would not specifically mandate a FDAU in

every B-737, airline and repair station avionics engineers were

unanimous in stating that retrofitting an airplane with a FDAU would be

less expensive than retrofitting it with a

coordinating  it with the first FDR system)

flight data parameters. Consequently, the

of a B-737 that does not have a FDAU would

second FDR system (and

to record the additional

FAA has assumed that an owner

have the FDAU retrofitted in

order to keep the airplane in service. Unlike upgrading recorder

memory, installing a FDAU would be a substantial modification to the
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a~,';:ar.e and a FDAU manufacturer has estircated that obtaining 7.A

approval' to integrate its FDAJ in an FDR syst em would take between 16

and 26 weeks and would cost about $200,000 for each airline B-737

SE?rl es/FDAU combination. However, the FAA has determined that after

about S such approvals, a manufacturer  could use commonality

demonstrations  to reduce this estimated time to between 8 and 12 weeks

and reduce the estimated cost to about $25,000 per approval. I t  should

be noted that several of these applications can be submitted at one time

and the parts manufacturer  would not wait for one airline's FDAU

approval before submitting the next airline's FDAU for approval. The

FAA has estimated that about 40 of these FDAU approvals would be

required, for a total one-time engineering cost of about $2.75 million

for the FDAU approvals.

Even though each individual B-737 FDR system modification  would need its

own STC, the actuality is that an STC holder would submit one basic STC

for the B-737 series that would apply to all of its B-737s in that

series. As noted earlier, most of the major airlines would perform

their own engineering although a few would contract it out to a few

large third-party  maintenance facilities. However, most, if not all, of

the small fleet operators (20 or fewer 8-737s) would contract out their

maintenance to those third-party maintenance facilities. As a result,

not every B-737 owner/operator would need to perform the reengineering

in order to obtain an STC because the major airlines or large third-

party maintenance facilities would obtain a few and apply them to

multiple client/operators.

With respect to airline or repair station engineering time to obtain an

FDR system STC, its engineering staff would need to redesign the FDR

system, ground test it, flight test it, and submit the drawings and data

50



‘13 _..M
c-c) ca2i

- Air '&ines reported in the ATA survey that L+, would

talte _ .between 3 months and one year to complete the entire

engrneering/FAA  approval process. The FAA believes that the higher

estimates reflect a worst case situation that would not represent  the

average amount of time for this process to be completed. As a result,

the FM has determined that 4 months would be the average amount of time

required for the entire process. The FAA has also estimated that 3

* industry engineers would work full-time on each STC approval.

Consequently, the CAA has estimated that each STC application would cost

about $200,000. The FAA has further estimated that about 32 of these

STC applications would be made. On that basis, the FAA has estimated

that the one-time engineering cost for the FDR system STC applications

would be about $6.4 million.

Thus, the FAA has estimated that the total one-time engineering costs

for obtaining FAA-approved  equipment and STCs would be about $9.15

million and would take about S months to be fully operational.

G. ESTIMATED NUMBER OF EXISTING B-737s THAT WOULD

PROPOSED RULE

G.l. Introduction

The number of 8-737s that would be affected by the proposed rule is, of

necessity, an estimate because the number of newly manufactured U.S.-

BE AFFECTED BY THE

registered B-7379 as well as the number of B-737s that would leave U.S.

service cannot be precisely predicted. In addition to the total number

of B-737s, the numbers of individual B-737 models need to be estimated

because the airplanes in different B-737 series would incur different

compliance costs.
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S.2.' Assumptions

Ir, order to determine the composition of the B-737 fleet that would be

a ffected  b y the proposed rule, the FM has assumed that every B-737 that

will leave the U.S. registry in the next few years would be the older B-

737-100/200/300s  not equipped with FDAUs. The FAA has also assumed that

the composition of the B-737 fleet at the end of the year 2000 is the

composition of the B-737 fleet affected by the proposed rule. The logic

for these assumptions is that, as will be seen, compliance with the

proposed rule would be very expensive for older B-737s and those types

of airplanes would be more likely to be retired or sold out of the

United States than newer 8-737s that would have longer remaining

lifespans, lower maintenance costs, lower operational costs, and lower _

compliance costs. The end of year 2000 has been selected even though

the final compliance date is August 18, 2001,  because there are costs

associated with prematurely retiring or selling airplanes and these

costs have not been addressed in this Initial Regulatory analysis. A

further consideration is that the B-737s that Southwest and United

intend to retire during this time have been numbered among the airplanes

with FDAUs. Thus, though the year 2000 date may slightly increase the

numbers of the older B-737s, the FAA contends that this would not

significantly  exaggerate the estimated compliance costs.

6.3. Estimated Number -of 8-737s Affected by the Proposed Rule

Therefore, combining Tables IV-2 and IV-3 along with the FAA's

projections concerning the numbers of the various B-737 s,eries that

would be delivered in 1999 and 2000, the FAA has estimated, as shown in

Table VI-l, that the proposed rule would affect 1,306 B-737s, of which
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3 13 ,XOU~~ have a FRAU and 436 would not have a FDAU before the

proposed rule's compliance dates.

TABLE VI-1

NUMBER OF B-737s BY SERIES, DELIVERED YEAR,
AND FDAU STATUS AT END OF YEAR 2000

600 0 0 0 0
700 0 73 0 73
800 0 46 0 46
900 0 48 0 48

TOTAL 818 488 496 810

H. ESTIMATED EQUIPMENT AND LABOR COSTS TO RETROFIT FDR SYSTEMS

H.l. Introduction

Compliance with the proposed rule would generate both one-time

retrofitting  costs and increased annual operational costs for existing

8-737s. The incremental one-time compliance costs would consist of the

following 3 components: (1) the cost of the additional FDR system

equipment (i.e., a FDAU (if necessary) and the additional wiring and

sensors); (2) the labor costs to retrofit the additional FDR system

equipment; and (3) the lost revenue from.the time the B-737 would be

out-of-service  to complete the retrofit.

The increased annual operational costs would consist of the following

two components: (1) the increased inspection and maintenance time as
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;v’ p 1 1 as trie costs for repairs and maintenance; and (2) the

increased aviation fuel consumption due to the additional weight of z1he

additional FDR system equipment.

2.2. costs to Retrofit FDR Systems

H.2.a. Introduction

The costs to retrofit any individual FDR system would depend on its

existing equipment and the number of flight data parameters it currently

records. In general, the FDR system components that would be affected

by the proposed rule would be the recorder, the FDAU, flight data

sensors, and the wiring.

H.2.b. Summary of Costs to Retrofit FDR Systems

The summary of the total compliance costs with the proposed rule has

been provided in Table VI-2, which summarizes the spreadsheet found in

Appendix B. As shown in Table VI-2, the total retrofitting compliance

cost would be about $124.3 million of which about $10 million would be

for replaced recorders, about $7.2 million would be for reprogrammed

recorders, about $30.1 million would be to retrofit a FDAU into the

airplane, about $7.5 million would be to reprogram existing FDAUs, and

about $69 million would be for additional sensors and FDR system

rewiring.

A summary of the retrofitting compliance costs for an individual B-737

by series and by number of flight data parameters currently recorded is

provided in Table VI-3, Table VI-4, and Table VI-S. As shown in those

Tables, there is a significant difference in these retrofitting costs.
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tar I.ua.F.ple, the costs to retrofit a r.ewer 3-737 that records 3~b

least 34 p_arameters would be about $35,130, while the costs to retrofit. .

a B-737 that records 22 parameters wollld  be between $68,800 and $9O,CCO,

and the costs to retrofit a B-737 that records 18 parameters would be

between S160,200 and $191,400.

The bases for and estimates of the unit retrofit costs are described in

greater detail in the following sections.

14.2.~.  Costs to Retrofit Flight Data Recorders

Based on industry estimates, the FAA has determined that: a new recorder

would cost about $25,000; upgrading the memory of an older recorder that

records 18 flight data parameters would cost about $10,000; upgrading
'_

the memory of a recorder that records 22 flight data parameters would

cost about $5,000; and upgrading the memory of a newer recorder that

records at least 34 parameters would cost about $1,900.

With respect to the number of recorders in each of these categories, the

FAA has estimated that 20 percent of the recorders in the 496 FDR

systems that do not have a FDAU (99) recorders) would need to be

replaced while the remaining 397 recorders would need a $10,000 upgrade.

In addition, 322 recorders would need a $5,000 upgrade while 488

recorder3 would need a $1,900 upgrade.
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TABLE VI-2

TOTAL COSTS OF COMPLIANCE FOR RETROFITTING TO MEET THE PROPOSED RULE

.
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ceciL;se the fcrzer it::-:rry xcpdlzi  :2-721-,-e zore I3R system resting and

*,-erlflCatl3riS t:?an wocLd :?e Latter a~--7ity.--A The F&A has est:mated
- '3e-. it ,r.s~i.llx!q 3 r,ew r ecorder would require 32 labor hours to remove

the old rtecrder irid ta rnstall and to test the new recorder (for a I*-;-4.r.L -

Labor <cost of $2,400) while upgrading a recorder would require 16 Labor

ho-urs to remove, to reprogram, to reinstall, and to test (for a lunit

Labor cost of 51,200).

On that basis, the CM has estimated that the present value of the

equipment cost for replaced or upgraded recorders  would be about $17.5

million.

H.2.d. Costs to Retrofit FDAUs

Based on industry estimates, the FAA has determined that a new FDAU

would cost about $50,000, reprogramming  an existing FDAU in a B-737 that .

is recording either 22 flight data parameters would cost about $10,000,

and reprogramming  an existing FDAU in a B-737 that is recording at least

34 flight data parameters would cost about $5,000. In the former FDAU

"reprogramming"case, the reprogramming  would include both hardware

modifications  and software revisions while the latter FDAU

"reprogramming" case would only include software modifications.

With respect to the FDAUs, the FAA has estimated that a FDAU would need

to be retrofitted  into 496 B-737s, the $10,000 FDAU reprogramming would

occur in 322 B-737s, and the $5,000 FDAU reprogramming would occur in

488 B-737s.
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- ‘9A . . e “.vi .7. i s p rimarily used the estnated labor hours supplied by

ai rlines that have retrofitted flight data parameters (a) (19) t,hrough

:a) (22) in their 8-737s. On that basis, the  FAA has e s t i m a t e d  -hat, Fn

addirlon to the 200 labor hours associated with the FDAU rewirir.3,

rewiring the sensors and wiring for flight data parameters (a) (13)

thrsuqh (a)(22)  would take 200 labor hours for a B-737-200, a 3-737-203

Advanced, or a B-737-400. It would take 400 labor hours for a 9-737-300

or a 3-737-500. Thus, the labor costs of adding flight data parameters

(a) (19) th,rough (a)(22)  would be about $15,000 for a B-737-200, a B-737-

200 Advanced, or a B-737-400, while it would be about $30,000 for a B-

737- 300 or a B-737-500.

On that basis, the FAA has estimated that the equipment and labor costs

of adding flight data parameters (a) (19) through (a) (22) would be about

$35,000 for a B-737-200, a B-737-200 Advanced, or a B-737-400 while it

would be about $50,000 for a B-737-300 or a B-737-500.

The difficulty in estimating the potential labor hours to retrofit

proposed flight data parameters (a)(89)  through (a) (91) is that these

flight data parameters have not previously  been recorded in the B-737.

As a result, only limited engineering analyses are available to serve as

an experienced basis for an estimate. Consequently, the FAA has adopted

some preliminary  industry estimates that it would cost about $10,000 for

the additional sensors and wiring to retrofit flight data parameters

(a)(88)  at a higher sampling rate and flight data parameters (a) (89)
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.
T h ‘3 s , the FAA has estimated that the per airplane equipment and labor

. costs of adding flight data parameters (a) (88) through (a) (91) to a 3-

737 c]Jrrently  recording 22 flight data parameters would be about

325,300.

:-inally, the FAA has adopted some preliminary  industry estimates  that it

would cost about $12,000 for the additional sensors and wiring to

retrofit flight data parameters (a)(88)  at a higher sampling rate and

flight data parameters (a) (89) through (a)(911  (a)(881  in a B-737 FDR

system that now records 88 flight data parameters. In addition, the FAA

has estimated that this retrofit would involve about 160 labor hours for

these airplanes. On that basis, the FAA has estimated that these labor

costs would be about $12,000 per airplane.

Thus, the FAA has estimated that the per airplane equipment and labor

costs of adding flight data parameters (a)(88)  through (a)(91)  to a B-

737 currently recording 88 flight data parameters would be about

$24,000.

Therefore, the FAA has estimated that the per B-737 retrofitting sensor

and wiring costs would be: about $84,000 - and take about 560 labor

hours for a B-737-200 or a B-737-400 without a FDAU; about $100,000 and

take about 760 labor hours for a B-737-300 and E-737-500 without a FDAU;

about $49,000 and take about 360 labor hours for an older B-737 airplane
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Gn L L,-.. at basis , the FIW has esclmatea chat t‘ne oresent. '13. l.2e of t5.e :otai

sensor and wrrizg equipment and labor costs to retrofit c?.e 3-737 ?3R

SyS”c2”S WC’S: J be about $63 million.

I. NET REVEWE LOSS FROM OUT-OF-SERVICE  TZME

i.1. introduction

In previous FAA rulemakings in which airplanes were required to be

retrofitted with safety or improved equipment, FAA estimates of the

potential lost net revenue associated with out-of-service time estimates

have been less than airline industry estimates. The reasons for these

differences have been several and varied. One reason may be that the

airline industry may have anticipated a longer out-of-service time than

the out-of-service time anticipated by the FAA. Another reason may be

that the FAA had anticipated that the airplane would be retrofitted

during a regularly scheduled major maintenance check, while the airline

industry may have anticipated that it would not have that amount of

scheduling flexibility and would have to pull the airplane out of

service before the scheduled maintenance check. Another reason may be

that the FAA analysis was based on the net after-tax lost revenue

whereas the airline industry analysis estimate was based on the lost

gross revenue minus the unspent operating costs. Another explanation

may be that the FAA is mandated by OMB to use 7 percent as the after-tax

riskless rate of return, whereas most business financial analysts would

argue that a 15 percent to 20 percent after-tax rate of return is the

more appropriate value.
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-e- ev-P,-->ri  -..‘a
- ..3 ‘- ,U,3Wd -L&w ./Jo’d;d,  e:=ar- * -:dy,b--w- rei”l1r+ 3 3-73’ ‘-3 21 :i,<a*- . .

.C  ,;
3A, “- ser'J:ze dyze to 2r.s ?.?ij:? r;zber 25 libor hccrs for ar, 733 S~S-I-

-. - - -...

-,-,dfFt and the fact that only a few mecnan1cs can work on the'a- Vh

. Y".i u-aze'-a s FCR system simul: aneously besacse of the lLmi:ed ohysical4.

xczk space. An out of service airpiane does not generare net revenue

3.?21 -..w--a lzzger the airplane is out of service, tihe greater the airllze's

r.es revenue loss. iiowever, if a retrofit were completed while the 3-737

. -*a undergo izg a regularly scheduled maintenance check, only the net

reven.de L3st from any additi Onal out-of-service time could be considered

a cost of the proposed rule. For exampie, if an FOR system retrofit

X0';. 1 d take 6 days and the B-737 is scheduled for a 3-day maintenance

z:?eck, cnly the lost net revenue from the additional 3 out-of-service

days would be a cost of the proposed rule. Thus, the lost net revenue

due to an FOR system retrofit of a given duration depends upon whether ,_

the retrofit is performed during a regularly scheduled maintenance check

or whether the airplane must be taken out of service solely to perform

the retrofit.

i.2. Methodology

The methodology used by the FAA in this Initial Regulatory Evaluation to

estimate the lost net after-tax revenue is based on the principle that a

commercial airplane is a piece of capital equipment. In economic

theory, the after-tax return on a piece of capital equipment will be

equal, in equilibrium, to its capital value (price)  multiplied by the

risk-free rate of return. Thus, the FAA has calculated the potential

lost net after-tax revenue on the B-737 (expressed as the average price

of the various B-737 models multiplied  by the OMB-mandated  7 percent

rate of return) multiplied by l/365.

65



As shown in Table VI-6, the FM has estirrated  that the average value c=f

a 3-737 can widely vary from about $600,000 for a B-737-200 to abcur

$45.2 mlliion for a new R-737-900. Similarly, the average lost net

reveRue per out-of-service  day would vary from about Si25 for a 3-737-

220 to about $11,000 for a 3-737-900.

1.3. Estimated Out-of-Service  Time to Retrofit the FDR System

The factors affecting the length of incremental out-of-service time from

compliance with the proposed rule are whether the B-737 FOR system

retrofit would occur during a specially scheduled session devoted

primarily to the retrofit or during a regularly scheduled major

maintenance check.

If the retrofit were to be accomplished  during a special retrofit

session, the FAA has estimated that retrofitting a B-737 with a FDAU and

adding flight data parameters (a)(191  through (a) (22) would require 3

days out-of-service  time for a B-737-200, a B-737-200 Advanced, or a B-

737-400 while it would require 5 days out-of-service time for a B-737-

300 or a B-737-500. Based on a preliminary  industry estimate, the FAA

has also estimated that, for 8-737s that currently record at least 22

flight data parameters, adding proposed parameters (a) (89) through

(a) (91) and fl ight data parameter (a) (88) with the proposed increased

sampling rates, would require 4 days out-of-service  time. The FAA has
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3-73' Series Averige 'lal$Le Avera,ge  Yet Revenue 7

(in 3millio2s) LOST ?er D a y
200 0.6 Si25

200~Advanced 6.4
(No FDAU)

300 (No FDAU) 17.7

$1,250

$3,400

300 (FDAU) 23.1 $5,400

400 (No FDAU) 22.6 $4,400

. 400 (FDAU) 32.9 $6,300

500 (No FDAU) 17.5 $3,400

500 (FDAU) 24.3 $4,800

L

600 40.1 $7,700

700 45.2 58,700

800 54.2 $10,400

900 57.2 Sli,OOO

further estimated that a B-737 adding the flight data parameters

((a) (19) through (a) (22) plus (a) (88) through (a) (91)) would require 7

days out-of-service  time if retrofitting a B-737-200, a B-737-200

Advanced, or a B-737-400. It would require 9 days out-of-service time

if retrofitting a B-737-300 or a B-737-500.

The length of time an airline uses for a regularly scheduled major

maintenance check varies because different airlines have a variety of

different maintenance programs. Consequently, the term "regularly

scheduled major maintenance check" can have several different meaninqs.

For example, some airlines have a maintenance program in which a "C"

check is completed approximately every 18 months or so and a "D" check

is completed every 6 to 8 years. In these programs, a complete "C"
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3-;2f?.aul  azcf takes a b o u t  3  weeks. Fiowever, a:rlir.es  still exhibit

x,1,- -- -..w;Gsranres even when they are following this general aalntenance

cr-,;rxr.. F2r ?:tample, some airlines may spread oust the -C" check over .2

sr 3 separate visits to the maintenance facility. Cnder this approach, .

t5.e a irplane's  interior is not typically opened up on each visit.

Cther airlines have a maintenance  program in which the maintenance

checks are classified as being "light", "heavy", and "major." In that

system, a "light" check may occur every year but only take 1 to 2 days,

a "heavy" check may occur every 4 to 5 years and take about 2 to 3

weeks , and a -rnajorll check may occur every 10 years and take 3 to 4

weeks. '_

Finally, it should be noted that most of the smaller airlines that

contract with third parties for their maintenance tend to follow the "C"

and “D” maintenance program in which the "C" check occurs every 18 to 24

months and lasts 3 to 4 days.

The significance of these different .types of "regularly scheduled

maintenance  checks" is that the potential increased out-of-service time

(hence, lost net airline revenue) for a B-737 would vary by type of

maintenance  program. The most efficient retrofitting method for these

FDR systems would be to complete the work at one time in one continuous

activity. Thus, the longer the scheduled maintenance check, the shorter

the additional out-of-service  time to complete an FDR system retrofit.

If the retrofit were to be completed during a 3-day maintenance check,

the FPLA has estimated that the incremental out-of-service  times due to
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-LI e
rlC-..  4:c

e.. ---- OL,- wouid be 2 days for a R-737 that has a FDAU, 4 days

for a- S-737-200 that does not have a FDAU, and 6 days for a B-737-330  or

-500  that does not have a FDAU. If the retrofit were to be completed

during  a 14-day or a 21-day  major maintenance check, the FAA has

determined that the retrofit would create no incremental out-of-service

t :.me . Those estimates are based on two assumptions. The first

assumption is that a major maintenance check routinely requires the

opening of the B-737 interior, thereby providing access to the FDR

system. The airlines surveyed reported that a major maintenance check

did, in fact, require that the B-737 interior be opened. The second

assumption is that these maintenance facilities work 20 to 24 hours a

day. Those same airlines also reported that this was the case,

particularly when facing a heavy workload.

Finally, the FAA has assumed that one 3-day maintenance check will occur

every 18 months for each B-737 and that a major 140day or 21-day

maintenance check will occur every 5 years.

On that basis, the FAA has estimated that the present value of the total

out-of-service lost net revenue due to retrofitting the B-737 FDR

systems would be about $25.2 million.

J. POTENTIAL NET REVENUE LOSSES CURRENTLY UNQUANTIFIABLE

The FAA's analysis of the net revenue losses for an out-of-service

airplane, although appropriate for the individual airplanes within an

airline's system, may not capture all of the potential lost revenue when

the entire system must comply within a short period of time. In

recognition of this potential analytical shortcoming, the FAA had

queried airlines concerning the potential system impacts. However, the
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- .“-Y ~.as 31~0 reaLized that muc,h of zhe inforaation needed :a

perfzr&m a more complete airline sys
-. -

tern analysis is proprietary and

airlines are extremely reluctant to provide it for fear of the data

being inappropriately  or inadvertently disseminated  to competitors.

Nevertheless, following discussions with the aviation industry, the FAA

be' 7&-eves that there are two areas of potential economic impact that may

need additional investigation, but for which the FAA does not have

adequate information.

The first area is that the FAA analysis has assumed that the time to

obtain the FAA approvals and the STC would not significantly affect the

airlines' abilities to meet the compliance dates. However, there is a

possibility  that several of the airlines or repair stations would not be

able to obtain the requisite FAA approvals to be able to complete these

retrofits (particularly those for the proposed new flight data

parameters (a) (89) through (a) (91)) in the time between the promulgation

of the final rule and the August 18, 2000, or even the August 20, 2001,

compliance date. If, in fact, airline maintenance and repair facilities .

would be overwhelmed with idle B-737s that cannot return to service

until they have been retrofitted, then the FAA may have significantly

underestimated the actual out-of-service times.

The second area is that the FAA does not have an appropriate model to

determine the impact on the number of available flights when, for 18

months, large numbers of airplanes would be taken out of service for

several days. For example, there is the possibility that air travel

service in certain markets would be disrupted, fares would increase,

load factors would increase and flights would become more crowded, some

passengers would choose not to fly, some passengers would be unable to

obtain flights at the times and dates they are accustomed to flying,
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;’ : y-e delays due--d-j..- to weather or mechanical problems would be

longer because there would be fewer airplanes available to fill in, etc.

;n order to attempt to develop some estimates of the economic impacts of

these economic effects that have not been quantified,  the FAA

specif;-,-ally requests comments and supporting data on the magnitude of

these potential effects, including any presumptions applicable to an

individual operator or the industry as a whole.

K. TOTAL ONE-TIME FDR SYSTEM RETROFITTING COSTS

K.l. Per B-737 Retrofitting Costs and Lost Revenue Costs

As seen in Table VI-6, the total compliance costs plus lost net revenue..

for an individual B-737 would vary depending upon the FDR system

capability and the series of the airplane. In general, the newer the B-

737, the greater the costs of complying with the proposed rule.

K.2. Total B-737 Retrofitting Costs and Lost Net Revenue

In summary, as shown in Table VI-2, the FAA has estimated that the

present value of the total one-time compliance costs to retrofit all B-

737 FDR systems by the proposed compliance dates would be about $150

million. .

L. ANNUAL COSTS FROM FDR SYSTEM RETROFITTING

L.l. Introduction

The proposed rule would generate annual compliance costs from (1) the

additional airplane weight from the retrofitted FDR system equipment and
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TABLE VI-6

PERiIRiLANE COMPLIANCE COST BY 737 SERIES AND FDR SYSTEM
.

737 SERIES EQUIPMENT OUT-OF- OUT-OF-SERVICE TOTAL COSTS AND
.AND LABOR SERVICE LOST NET LOST NET REVENUE

COSTS DAYS REVENUE
200 $160,200- 4-7 $250-800 $160,450-177,200

176,400
200- $160,200- 4-7 $4,900-8,600 $160,690-185,000

Advanced 176,400
(No FDAU)

200- $68,800- 2-4 $2,450-4,900 $71,250-94,900
Advanced 90,000
(FDAU)
300 (No $175,200- 6-9 $20,375.30,550 $195,575-221,950
FDAU) 191,400

300 (FDAU) $35,100- 2-4 $6,800-21,550 $41,900-111,550
90,000

400 (No $160,200- 6-9 $17,350-30,350 $177,550-206,750
FDAU) 176,400

400 (FDAU) $35,100. 2-4 $8,675.25,250 $43,775-107(350
90,000

500 (No $175,200- 6-9 $20,150-30,200 $195,350-221,600
FDAU) 191,400

500 (FDAU) $35,100- 2-4 $6,700-19,100 $41,800-109,100
90,000

600 $35,100 2-4 $15,375.30,750 $50,475-65,850
700 $35,100 2-4 $17,350~34,675 $52,450-69,775
800 $35,100 2-4 $20,800-41,575 $55,900-76,675
900 $35,100 2-4 $21,950-43,875 $57,050-76,975

wiring; and (2) the additional maintenance costs annually to validate

the FDAU.

L.Z. Annual Costs for Additional Weight

The FAA has estimated that the proposed rule would add about 40 pounds

to a B-737 without a FDAU currently recording 18 flight data parameters

and about 10 pounds to a B-737 currently recording at least 22 flight

data parameters. Based on a study that calculated the additional fuel
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s=T,s’Aypr,l3?.  a.‘-l gallons from adding weight to specific dicelaze

models, f3 c-he FAA has assumed a per-3-737 yearly average of 2,752 f11ght

hours, a price of $0.61 per gallon of aviation fuel, and 0.23 additional

gallons consumed per additional pound per flight hour, resulting in per-

airplane annual costs of about 3400 for a B-737 that would add 40 pounds

and about $100 for a B-737 that would add 10 pounds. On that basis, the

FAA has estimated that the present value of the increased fuel

. consumption over the next 20 years would be about $3.6 million dollars.

L.3. Payload and Flight Limitations from Additional FDR System

Weight

Another consideration when weight is added to an airplane is that

payload and flight distance limitations could be imposed on some flight?.

if the additional weight is sufficiently  heavy. However, the FAA's

evaluation has indicated that even 40 additional pounds would be

insufficient to impose any weight or distance limitations on any B-737

flight. As a result, the FAA has determined that this additional weight

would impose no revenue loss or increased cost from payload or distance

limitations.

.

L.4. Annual Costs for Additional Maintenance

The FAA has further estimated that annual validation of a FDAU would

cost about $750.’ This incremental compliance cost would be incurred

only for B-7379 retrofitted with FDAUs because

other 8-737s have had this equipment installed

validation cost would not be attributed to the

the number of B-737s that would have had FDAUs
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':ip"^'-Sd reclrement rates over the 20-year time-frame, the I.= has

calculated- that the present value of this annual EDAU validation over

the next 20 years would be about $2.7 million.

L. 5. Total Annual Costs

On tlnat basis, the FAA has estimated that the present value of the

annual compliance costs over the next 20 years would be about $6.3

million.

M. COMPLIANCE COSTS FOR FUTURE MANUFACTURED  B-737

M.l. Introduction

The potential compliance costs have been based on the assumption that

Boeing Option 1 would be the appropriated  compliance interpretation for

flight data parameter (a) (88). If it is not, then the FAA could not

provide a compliance cost estimate until an extensive engineering

analysis could be performed.

The *incremental manufacturing compliance cost with the proposed rule for

a future newly manufactured B-737 would consist of the following 2

components: (1) the cost of the additional FDR system equipment (i.e.,

an upgrade to the recorder and the additional wiring and sensors); and

(2) the additional labor to install the additional FDR system equipment.

23 Washington Consulting Group, Impact of Weight Chanqes on Aircraft
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‘4.2. _Zg~:~omer.t  and Labor Costs of rhe Yodified FD8 Sys-am- -.

-. -

As discussed in Chapter 211 of this Initial Regulatory Evaluation, every

3-737 manufactured  after October 11, 1991, has been equipped with a FDAU

that ;Jould be able to add the additional flight data parameters with no

upgrade. Consequently, the proposed rule would impose no FDAU equipment

or installation costs on future manufactured  B-737s.

The proposed rule would require 8-737s manufactured  after August 18,

2000, to record flight data parameters (a)(191  through (a) (22) whereas

the 1997 regulation had required them to be recorded after August 18,

2001. However, all 8-737s currently manufactured  already record these 4

parameters.

The proposed rule would also require that 3 additional flight data

parameters (proposed (a)(89)  through (a) (91)) be recorded in 8-737s

manufactured after August 18, 2000. In addition, for 3 other flight

data parameters in (a) (88) required under the 1997 regulation for

airplanes manufactured after August 19, 2002, the proposed rule would

double the sampling frequency of those 3 flight data parameters in B-

737s manufactured after August 18, 2000.

Boeing has reported that the B-737 recorders would need to be upgraded

to record all of the proposed parameters. The FAA has estimated that

thisfupgrade would cost about $1,900. In addition, the FAA has

estimated that a midstream rudder force transducer would cost about

$12,000. Finally, the FAA has estimated that the additional wiring and

testing and labor for production would cost about $25,000 per B-737.

Fuel Consumption, March, 1994,  p.11.
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-C.._ - ‘k Q
-..43,  -.-- 7-u has estimated that the increased equipment and labor

iCZ.SC per production B-737 would be about $38,900.

M.3. Lost Revenue from Increased Time to Manufacture the Airplane

As additional workers could be utilized to complete this wiring during

the manufacturing  process, the FAA has determined  that there would be no

increase in the manufacturing  time for a B-737 and, therefore, no lost

revenue from delaying the delivery of a future manufactured airplane.

M.4. Present Value of the Total Compliance Costs for B-737s

Manufactured durinq the Next 20 Years

Using the projected number of B-737s manufactured during the 20-year .

time-frame as presented in Table IV-3, the FAA has estimated that the

present value of the increased manufacturing cost of complying with the

proposed rule would be about $40.4 million.

N. CONCLUSION: TOTAL COSTS OF COMPLIANCE WITH THE PROPOSED

On the basis-of the previously estimated cost of compliance

RULE

sections,

the FAA has estimated, as shown in Table VI-8, that the present value of

the total engineering costs, retrofitting costs, lost net revenue,

annual costs, and increased costs for future manufactured B-737s would

be about $205 million. .
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TABLE 'Ji-8

PRESENT VALUE OF THE COSTS OF C3MpL;AKE NITH THE PFIOPCSED  3IL'LE

Source of Cost Present Value of the
Compliance Costs
(in Smillions)

Engglneerlng 9.2

1

TOTAL 205.3

0. COSTS OF COMPLIANCE WITH THE 1997 REVISIONS TO THE DIGITAL FLIGHT

DATA RECORDER REGULATIONS

As previously  discussed, the FAA revised its transport category

airplane, which includes B-7373, digital flight data recorder rules in

1997. In the Final Regulatory Evaluation for that final rule, the FAA

estimated at that time that the present value in 1997 of the costs to

comply with the revised regulations during the 4-year time for

compliance was about $48 million ($58.8 million in year 2000 present

value terms) for the B-737 airplane operators and for Boeing."

Thus, if that revision and this proposedOrule  are viewed as two parts of

one rulemaking extended over time, the FAA has calculated that the

present value of the overall compliance costs associated with these two

24 The present value of the total compliance costs for all airplanes
affected by the 1997 flight data recorder revisions was estimated to be
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car-s would se about $264.1 million for the 3-737 sperators apd
.

for B-0eir.g."

&..e per arrplane compliance costs associated with the 1997 revision were

not disaggregated  on a B-737 series basis. As a result, the FAA has

calculated in this Initial Regulatory Evaluation that the present value
.

of the per B-737 compliance costs associated with the 1997 revision

would be about $45,000.

about $316.3 million (about $387.5 million in year 2000 present value
terms).
25 The estimated compliance costs reported in the 1997 Final Regulatory
Evaluation have not been independently  reanalyzed for this Initial
Regulatory Evaluation.
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VIZ. 3ENE'IT-COST COMPASISON

A. 3ACKGROUND

Before the benefit-cost comparison of this proposed rulemaking is

discussed, the costs and benefits of the previous 1997 Revisions to

Flight Data Recorder Rules are first addressed. The 1997 Revisions

covered nearly all of the commercial fleet, so neither the entire

benefits nor costs should be attributed to solely identifying the cause

of B-737 uncontrolled  rudder movements. The Final Regulatory

Evaluation of the 1997 Revisions to Flight Data Recorder Rules did not

cite specific benefits attributed to the rule and allowed that future

costs could exceed the costs of the current rulemaking. In the

benefits-cost comparison discussion of that Final Regulatory

Evaluation, the FAA stated:

"Future FAA actions could take the form of Advisory Circulars,

Airworthiness  Directives, or possibly, additional rulemakings.

The costs of these follow-on FAA actions could vary from

negligible costs to considerable costs of some unknown amount.26"

Further, the FAA has now determined that the 1997 Flight Data Recorder

Revisions have been insufficient to identify the causes of several

incidents of B-737 uncontrolled rudder movements. As a result, with

regard to the B-737 uncontrolled rudder movements, the incremental

benefit and cost of this rulemaking properly should be assessed

separately from those of the 1997 DFDR rule.

'6 Federal Aviation Authority, Final Regulatory Evaluation, Final
Regulatory Flexibility Determination, and International Trade Impact
Assessment, Final Rule Revisions to Diqital Flight Data Recorder Rules,
January 1997,  page 28.
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3. 3EN&FIT-CCST COMPARISON CP T!iS FROPOSZD RULE

3ased upon the historic 3-737 accident rate the expected number of such

accidents over 20 years is 2.34, if the following assumptions are

accurate*.

1) Flight data parameters are needed to determine the cause of

these accidents in addition to the information,  which would be

reported under the 1997 DFDR regulations.

2) The historical B-737 accident would continue in the absence of

recording the additional flight data parameters required by the

proposed rule.

The Poisson distribution  best describes the probability  space of

expected future B-737 unexplained  accidents. For a Poisson distribution

with a mean of 2.30, there is a 90 percent probability  of one or more

accidents, with a nearly a 40 percent probability  of 3 to 5 accidents.

Thus, under the above assumptions and conditions without this

rulemaking, it is highly likely that one or more future accidents will

occur.

While perfect effectiveness  of the improved diagnostic FDR system

capability can not be assured, without this proposed rule an accident is

likely and no determined cause. The expert judgment of the NTSB and the

FAA is that the proposed improvements to the flight data recorder system

would likely record the cause of a B-737 uncontrolled rudder movement.

With an incremental cost of $205 million, the benefits of this proposed

rulemaking will exceed the cost if one accident is prevented anytime in

the next six years. Net benefits increase, as a potential avoided

accident occurs sooner.
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-JI * ALTERNATIVES TO THE PROPOSED RULE

. . -

-hi+ FM has determined that its responsibilities  under the Regulatory- .b-

Flexibility Act and the Unfunded Mandates Act require an analysis of

alternatives to the proposed rule for each purpose. Rather than

repeating the alternatives in each of those two sections, they are

listed, discussed, and analyzed in this separate chapter.

The FAA has evaluated three alternatives to the proposed rule. In

formulating the alternatives, the FAA focused on its responsibility for

aviation safety and its particular obligation under 49 USC 44717 to

ensure the continuing airworthiness  of airplanes. As a result, the

three evaluated alternatives to the proposed rule differ only with . .

respect to the dates of compliance - not on the content of the proposed

rule.

Alternative 1: Require all B-737s that currently have FDAUs (not just

those B-737s that had a FDAU installed prior to July 11, 1996) to record

all of the proposed flight data parameters by August 18, 2000,  rather

than by August 20, 2001. This would shorten the compliance date for an

estimated 197 B-7379 by one year. Alternative 1 would increase

compliance costs not because the actual retrofitting costs would change

but because the lost net revenue from out-of-service time would be

greater for some airplanes. A shorter compliance time increases the

likelihood that the retrofit would be done as a special project and not

as part of a regularly scheduled maintenance check. On that basis, the

FAA has estimated that the compliance costs' of Alternative 1 would be

$2.4 million greater than the compliance costs of the proposed rule.

However, this alternative  could be considerably  more expensive than the

81



srocosed ruie,  particulariy  if the idle airplane and scheduling

costs 'that-the FAA could not quant:fy are substantial. In that case,

the shorter the compliance period, the greater the idle airplane costs

and scheduling costs. As a result, in comparison to Alternative 1, the

proposed rule would offer considerably  more relief to the airlines than

is evidenced by the quantified difference between them.

Alternative  1 would not significantly  increase the estimated

quantitative  benefits because the probability of one of these 197

airplanes having an accident whose cause would not have been discovered

within a one-year time frame is extremely remote. As a result, the FAA

has determined  that a commensurate  increased level of benefits would not

match the increased cost of this Alternative 1.

Alternative  2: Delay the compliance date for all 8-737s to August 20,

2001. This would extend the compliance date by one year for about 292

airplanes. The FAA has determined that Alternative 2 could reduce

compliance costs by about $13.5 million. This alternative would provide

all B-737 operators with greater scheduling flexibility in determining

when to have the airplane retrofitted. A greater number of these

operators would be able to delay compliance until a regularly scheduled

maintenance check and, thereby, reduce the lost revenue from out-of-

service time. However, the FAA must also note that the converse to the

effect described under Alternative 1 would be a factor. Again, the

greater the unquantified cdsts, the greater the reduction in costs

associated with delaying compliance dates, As Alternative 2 would allow

greater flexibility than the proposed rule, the estimated compliance

cost reduction from Alternative 2 could be substantially underestimated.

However, Alternative 2 could reduce the expected quantitative benefits.
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- :. er= LS aA.. - orobabiiity  that one Of these 292 airplanes  could have

an accident or an incident whose cause would have been discovered  only

A--6 the additional flight data parameters had been recorded. In light of

t ihe fact that the NTSB has recommended the August 18, 2300,  compliance

date, the FAA has decided to meet the majority of the NTSB

recommendations  and not propose a later compliance date for all 8-737s.

l Alternative 3: Delay the proposed compliance date for every B-737 until

either its next scheduled major (4 days or more) maintenance check or by

August 18, 2004. Alternative 3 would give an operator its maximum

retrofitting scheduling flexibility. As the FJU has determined that

nearly every B-737 will have at least one scheduled major maintenance

check within any 4r?-year time period, Alternative 3 would allow the

operator to perform the retrofit during a scheduled major maintenance '.

check, which would eliminate the additional out-of-service time and,

hence, the potential lost net revenue from compliance with the proposed

rule. In addition, Alternative 3 would spread the cost of the retrofits

over a 4+year time period. By doing so, the present value of the

compliance cost from Alternative 3 would be about $130 million, which

would be about $34 million less than the compliance cost of the proposed

rule. Further, the FAA reiterates that the greater the unquantified

costs, the greater the reduction in costs associated with delaying

compliance dates. As Alternative 3 would allow greater flexibility than

the proposed rule, the estimated compliance cost reduction associated

with,Alternative  3 could be substantially underestimated.

Alternative 3 would reduce the expected quantitative benefits because it

would reduce the number of flight hours that the B-737 fleet would have

recorded the additional flight data parameters by about 6.6 million

flight hours during those 4.5 years. Further, it would reduce the
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-..‘P>.  -
- 4..Ld& 3 t;;re probability  that the additional recorded 61'bL1ght data

parameters from an incident FnyJolving  a B-737 could provide information

that would result in preventive regulatory or industry action.

Consequently, since the FU agrees with the NTSB recommendation that

this information is important, the FAA has not proposed the delayed

compliance date  presented in Alternative 3.

Thus, In comparison to the one higher cost alternative and the two lower

cost alternatives evaluated by the FAA, the FAA has determined that the

proposed rule would be the best method to address this safety issue.
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-.<A. . :NITIAL REGU'A"ORV-. L FLEXIBILITY ANALYSIS

A . INTRODUCTION

The Regulatory Flexibility Act of 1980 establishes "as a principle of

regulatory issuance that agencies shall endeavor, consistent with the

objective of the rule and of applicable statutes, to fit regulatory and

informational requirements to the scale of the business, organizations,

and governmental jurisdictions subject to regulation." To achieve that

principle, the Act requires agencies to solicit and consider flexible

regulatory proposals and to explain the rationale for their actions.

The Act covers a wide range of small entities, including small

businesses, not-for-profit  organizations, and small governmental

jurisdictions. '_

Agencies must perform a review to determine whether a proposed or final

rule will have a significant economic impact on a substantial number of

small entities. If the agency determines that it will, the agency must '

prepare a Regulatory Flexibility Analysis (RFA) as described in the Act.

However, if an agency determines that a proposed or final rule is not

expected to have a significant economic impact on a substantial number

of small entities, section 605(b) of the Act provides that the head of

the agency may so certify, and an RFA is not required. The

certification must include a statement providing the factual basis for

this determination, and the reasoning should be clear.

Recently, the Office of Advocacy of the Small Business Administration

(SBA) published new guidance for Federal agencies in responding to the

requirements of the Regulatory Flexibility Act. Application of that

guidance to the proposed rule indicates that it could have a significant
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. ar*--42SF!it impact 3n a substantial number of small airlines.

Accordingly, a complete initial regulatory flexibiiity analysis was

conducted for the proposed rule and is summarized as follows:

The FM requests comments on all facets (methodology, assumptions,
data,

analyses, etc.) of the Initial Regulatory Flexibility Analysis and also

requests that commenters supply supporting data or analyses.

9. INITIAL REGULATORY FLEXIBILITY ANALYSIS

9.1. Reasons why the FAA is considering the proposed rule

The flight data being recorded have not been sufficiently comprehensive

to determine the causes of several B-737 accidents and incidents. As a..

result, the FAA and the aviation industry have been unable to develop

specific actions that may prevent similar future B-737 accidents and

incidents.

9.2. The objectives and leqal basis for the proposed rule.

The objective of the proposed rule is to require the B-737 fleet to.

record additional flight data parameters that may help determine the

cause(s) of a B-737 accident, and, thereby allow the development of

regulatory dnd industry actions that could prevent similar future

accidenta. The legal basis for the proposed rule is 49 USC 44901 et

seq. Aa a matter of policy, the FAA must, as its highest priority (49

USC 40101(d)), maintain and enhance safety and security in air commerce.



3.3. AL1 relevant federal rlJies  that may duplicate, overlap,

or conflict with the proposed r-Lie.

The FAA is unaware of any federal rules that would duplicate, overlap,

or conflict with the proposed rule.

9.4. A description and an estimate of the number of small entities

to which the proposal would apply.

The proposed rule would apply to the operators of all U.S.-registered  B-

737 airplanes operated under part 91, part 121, part 125, or under part

129.

Nearly all of the 16 operators flying B-737s under part 91 (under ._

deviation authority from part 125) use the airplane as an ancillary part

of their primary business (e.g.,  oil, automobile manufacturing, etc.).

As a result, these operators are distributed across a spectrum of

Standard Industrial Classification (SIC) codes, and, as listed in the

Initial Regulatory Evaluation, few are small businesses.

The FAA has determined that the 3 non-U.S. operators.of U.S.-registered

8-737s operating under part 129 are not small entities.

However, as shown in Table IX-l, based on a SBA definition that a small

airline has fewer than 1,500 employees, the FAA has determined that 14

small airlines (assuming Accessair is a small airline and noting that

Metrojet is owned by USAirways) operating under part 121 would be

affected by the proposed rule. The number of affected B-7373 reported

in Table IX-1 is a FAA estimate of the number of those airplanes by

airline at the end of year 2000.
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-1 - TABLE 1X-l

AFFECTED AIRLINES BY NUMBER OF 9-737s

3RERATOR NO B-737 NO OPERAl'TING NET PROFIT
EMPLOYEES REVENUES (in

(in Smillions)
Scuthwest 322

Smillions)
19,933 3,438.762 413.602

USAirways 205 43,100 8,556.OOO 965.182

United 190 76,000 17,472.106. 774.128

Continental 185 7,155.384 389.816

Ceita 90 58,097 14,584.906 1,073.535

America West 70 10,013 1,962.480 104.350

Alaska 50 10,137 1,553.158 106.162

Aloha 20 2,365 231.141 6.278

Frontier 19 440 174.713 (3.308)
'_

Metrojet 15

Winair 12 52 4.939 (1.150)

Vanguard 10 480 97.755 (7.460)

Airtran 9 600 (6.985)

Eastwind 6 800 22.641 (8.684)

Pro Air 6 110 11.247 (18.849)

Accessair 3 .

Pace 3 20 4.914 0.256

Casino Express 2 102 15.692 (2.676)

Ryan ht. 2 575 138.769

American 1 . 111,300 16,394.548 1,097.339

Lorair 1 23 .

Nations Air 1 154 6.724 0.299

North American 1 127 61.473 1.434

Sierra Pacific 1 35 6.650 0.631
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-9: S.-The projected repor.‘flT?g,  recordkeeping,  and other comDliance

regu;rements of the proposed rule.

Existing 14 CFR part 43, in part, already prescribes the content, form,

and disposition  of maintenance, preventive maintenance,  rebuilding, and

alteration records for any aircraft having a U.S. airworthiness

certificate or any foreign-registered  aircraft used in common carriage

under part 121. There would be one-time paperwork costs of about $9.15

million to obtain FAA parts approvals and STCs for the modified FDR

systems, but nearly all of these costs would be incurred by large

airlines and large repair stations and large parts manufacturers.

Finally, the proposed rule would necessitate minimal additional annual

maintenance, which would require minutes of annual recordkeeping per .

airplane and negligible recordkeeping  costs.

9.6. Regulatory Flexibility Cost Analysis.

The compliance costs associated with the proposed rule are almost

completely specific to an individual airplane. There would be minimal

economies of scale in completing the FDR system retrofits. Thus, the

compliance cost for an individual B-737 is largely independent of the

size of the airline. The estimated present value of the compliance

costs per B-737 by series and FDR system capability is summarized in

Table VI-6. However, as noted in that section, if the 1997 flight data

recorder revisions and this proposed rule are viewed as two parts of one

rulemaking extended over time, then the per airplane cost would be

increased by about $45,000.
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B;7; Affordability  Analysis.

As seen in Table 1X-1, the FAA has obtained 1997 net profit data for 11

of the 14 affected small airlines, although the FAA lacks detailed

financial data for most of them. Of those 11 small airlines, 7 reported

negative net profits. Of the remaining 4 small airlines, the compliance

costs would have turned one airline's profit into a loss, cut another's

profit in half, and reduced the others' profits by 16 percent and by 7

percent. When coupled with the costs to comply with the 1997 flight

data recorder revisions, these profits would be further reduced and the

losses would be further increased. Consequently, the FAA has concluded

that some of these small airlines may face financial  difficulties in

offsetting these compliance costs. The FAA solicits comments on the

affordability of the proposed rule for small airlines and requests that

all comments be accompanied with clear supporting data.

9.8. Disproportionality  analysis.

As noted earlier in this regulatory flexibility cost analysis, the

incremental compliance costs for a B-737 operated by a large airline and

those costs for an identical B-737 operated by a small airline would be

nearly identical. However, to the extent that financing charges tend to

be larger for a small airline than for a large airline with a good

credit line, the financing.costs for the retrofits would be

dieproportionally larger for a small airline than for a larger airline.

The FAA does not have information concerning this potential differential

impact. Nevertheless, the significant disproportionality  that may occur

would depend upon the percentage of an airline's fleet that is composed

of B-7373. The higher the percentage of B-7379, 'the greater the impact
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21 :,P.LS Fraposed rule on that airline. In reviewing the

composieion of these various fleets, the FM has determined that there

1s n.ot a significant difference,  on average, between the group of large

airlines and the group of small airlines - although there are certainly

differences among individual airlines. As a result, small airlines

operating 9-737s would not be disadvantaged, as a group, relative to the

group of large airlines operating B-737s.

9.9 Competitiveness  Analysis.

The proposed rule would impose significant first-year costs on all

operators of 9-737s and, as a consequence, may affect the relative

position of these airlines in their markets. As the proposed rule would

impose no costs on other small operators using McDonnell Douglas or

Airbus airplanes, the FAA has determined that there could be a

significantly  adverse competitiveness effect on certain small (and

large) airlines that operate B-737s. The principle beneficiaries would

be other small and large airlines that do not operate B-737s.

9.10. Business Closure Analysis.

The FAA is unable to determine with certainty whether any of these small

airlines would close their operations. Many very small operations (1 to

4 airplanes) operate very close to the margin, as evidenced by their

constant exit from and entry into various markets. As noted, most of

the small airlines reported losses, but, *in the absence of sufficiently

detailed financial data, the FAA cannot determine which, if any, of

these small airlines would close due to the'proposed  rule.

B.ll. Description of Alternatives.
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The three alternatives evaluated by the FAA are discussed in an earlier

preamble section. As described, delaying the compliance dates would

provide some relief to the affected small and large airlines. Flowever,

the proposed rule would still provide a competitive advantage to

airlines operating airplanes other than 8-737s over small and large

airlines that operate 8-737s.

B.12. Special Considerations.

Although the proposed rule would have a significant economic impact on

small airlines, the FAA has not exempted them from the proposed rule.

The principal reason for not exempting them is that B-737 accidents and

incidents whose causes have not been determined are not related to the

size of the operator; both large and small airlines have been affected.

For example, have occurred to B-737s operated by small airlines. In

particular, the 1996 Eastwind Airline B-737 incident is very similar to

the two B-737 accidents. That airplane recorded only 11 flight data

parameters and, consequently, that incident's cause has not been fully

determined. Thus, the FAA has determined that special considerations

for small airlines would not be appropriate.

C. CONCLUSION

The FAA has determined that. there are no viable alternatives to the

proposed rule for small airlines. Consequently, the FAA has concluded

that exempting B-7379 or delaying compliance dates for B-737s operated

by small airlines would be an inappropriate  action and inconsistent with

the FAA mandate to ensure aviation safety. The FAA requests comments on

this initial regulatory flexibility analysis and requests commenters to
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3<ppl y s+port:zg data for the cmJnents.
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Y. . . :NTE%JA?;ONAL TFWDS ASSESSIMANT

zonsistent with the Admsnistratian’s  belief in the general superiority,

des Irability, and efficacy of free trade, it is the policy of the

.;dm,2n:strator  to remove or diminish, to the extent feasible, barriers to

International trade, including both barriers affecting the export of

American goods and services to foreign countries and those affecting the

import of foreign goods and services into the United States.

In accordance with that policy, the FAA is committed to develop as much

as possible its aviation standards and practices in harmony with its

trading partners. Significant cost savings can result from this

harmonization, both to American companies doing business in foreign

markets, and foreign companies doing business in the United States. ._

This proposed rule would have a minimal impact on international trade.

Although it would increase the cost of manufacturing  a future B-737 by

about $39,000, the FAA does not believe that this increase would have a

significantly  negative effect on Boeing's future domestic or

international markets for the B-737.
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XI. GNFYNCED YANDATES ASSESSMENT

"'tie II of the Unfunded Mandates11 Zeform Act of 1995 (the Act), enacted

as ?ub. L. 104-4 on March 22, 1395, requires each Federal agency, to the

extent permitted by law, to prepare a written assessment of the effects

of any Federal mandate in a proposed or final agency rule that may

result in the expenditure by State, local, and tribal governments,  in

the aggregate, or by the private sector, of $100 million or more

(adjusted annually for inflation) in any one year. Section 204(a) of

the Act, 2 U.S.C. 1534(a), requires the Federal agency to develop an

effective process to permit timely input by elected officers (or their

designees) of State, local, and tribal governments on a proposed

"significant intergovernmental mandate." A "significant

intergovernmental  mandate" under the Act is any provision in a Federal ,_

agency regulation that will impose an enforceable duty upon state,

local, and tribal governments, in the aggregate, of $100 million

(adjusted annually for inflation) in any one year. Section 203 of the

Act, 2 U.S.C. 1533,  which supplements section 204(a), provides that

before establishing any regulatory requirements that might significantly

or uniquely affect small governments, the agency shall have developed a

plan that, among other things, provides for notice to potentially

affected small governments, if any, and for a meaningful and timely

opportunity to provide input in the development of regulatory proposals.

Under 49 USC. 40101(d)(l), 'the FAA Administrator is required to consider

the following matter, among others, as being in the public interest:

maintaining and enhancing safety and security as the highest priorities

in air commerce. Additionally it is the Administrator's statutory duty

to perform the responsibilities "in a way that best tends to reduce or

95



2 L 1 .?I 12 a - p- - :he possibility  or rec?Jrrence  of accidents in air

--3y.sportation.  ” -CA (See 49 USC 44731(c).)

- ‘k-.I . . e FAA has determined  that this proposed rule would not contain a

3L’“‘f.,.L---zar!!t intergovernmental  mandate as defined by the Act because the

FM has no knowledge of any State, local, or tribal government operating

a B-737.

However, the FAA has determined  that this proposed rule would contain a

srgnificant private sector mandate as defined by the Act because the

compliance costs over the first 18 months would be about $243 million

for the private sector. Thus, the FAA has evaluated the three

previously  described alternatives in order to determine if the burden

could be reduced in a manner consistent with the FAA's mandate to

provide aviation safety. Of the three alternatives, only Alternative 3

(delaying compliance until a scheduled major maintenance check) would

lower the compliance costs below $100 million for every year.

Nevertheless, for the reasons discussed in that earlier section, the FAA

. has determined that Alternative  3 would not attain the same level of B-

737 risk reduction at a lower cost than the proposed rule.
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APPENDIX A '

AGE DlSTRfBUTION OF U.S.-REGISTE4E3  3-737s BY DATE OF ;NiT:AL ~EL:':E>I‘I



YEAR OF U-737 MANUFACTlJHli  IXIH A1.I.  U S OWNLHS  AND OPl:‘HA’I‘OHS

Mod4 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 IIll II9 90 YI 92 93 94 OS ‘)b 97 98 I olrl

737. IOW2OOfl+43A 21 20 I 5 2 5 I6 2 2 5 20 31 23 35 39 41 43 IO 7 II 2 0 0 0 0 0 0 0 0 0 !, hII

737-3OcM400/500 0 0 000 0 0 00 0 0 0 0 0 0 0 7 70 72 96 97 61 70 40 53 28 47 J3 211 39 33 78-I

7376oMww 0 0 000 0 0 00 00000000000000000000 3 70 7J

a TOTAL 21 20 I s 2 5 16 2 2 5 20 31 23 35 39 41 50 80 79 IO7 99 61 70 40 53 28 47 43 28 42 IO3 II’)11
I-I

NOTE  I: Feign owned  U.S.-Ucgistcrd  8-737s nol inch&d. U.S. pt.-owned  8-737s arc  includtxl
NOTE  2: Dua Source:  Jet  10~ Savices,  Inc. Wodd  Jet  Inventory  Year-End 1998, March 1999, Scchon  3 T&k 2. p. 33.
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154 1.151.402 a

0 0 12
37 276.636 a

19 4%.701 a
130 071.963 a

0 0 a
73 545.791 a
46 343.915 a
40 350.879 a

0
7.741.3m

NW NEED
COST f OR FDR
REPLACE fW’RDGfWM

0 a
469.613 43

2.988.361 191
5.241.153 336

0 154
1.141.115 47

0 31
213.720 31

0 1.X
0 a
0 73
0 46
0 *(I

10.053.962

EY EZ FA

2
NUM NEED cosr  OF

COST FOR WIRING AND WIRING  AND
REPROGRAM SENSORS SENSORS

0 0 C
=.358 54 3.324.607

1.027.022 26 17.305632
2.888.864 420 30.651.514

477.400 154 3.696.ooO
494.o!i6 59 4.631  776
114.700 37 888.m
193.440 39 l.Qll.OM
403.~ 130 3.12O.ax

0 0 C
226.300 73 1,752.oa
142 600 46 1.104.ooc
148.800 4e 1.152.ooc

7263.341 69.736.724

NUM  IAKtN HE1~0fll  IINc.
LOST
REVENUE

5959,375
33.659.919
55.K2o.3l3o

5.405.400
9.851.059
1.298.700
2.646.560
4.563.m

0
2.!i62 XXI
1.614.600
1.684.wJa

0
54

246
420
154
59
37
39

130
0

73
46
40

31.563 a5.w  YW
1.763.139 $35.623  OW
9.236.649 $65.05~ 02Y
3.319.649 S8.725  04Y
1672936 $11523997

933819 S22U51r
523  562 $3 372 122

2.463.178 $7046176
0 NJ

2.531  200 SSOY35OlJ
1.912592' SJS27  192
2.106 214 $3 791014
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NOOF  737H
YEAR FLEE1

120s
1254
1306
1366
141s
1473
1534
1565
1662
1730
1601
1675
1652

No.oF  73
TOW

lwooLuxm

Y
6l
71
74
77
#

.a
67
a1

94

Y

loi
lo(
111
ll!
KU
12t
1X
1%
141
141
1s

2051
221c

CUMULATIVE
ND 737 FLIGHT ND DF

OEPARTURES

4B
51
54
56
56
60
63
65
66
71
74
77
60
63
87
90
Q4
OI

102
106
110
115

16
17
16
16
18
20
21
22
22
23
24
25
26
27
29
3a
31
32
34
35
Es
3s

3 316
3454
3588
3 743
3 607
4056
4 223
4366
4 576
4764
4656
5162
5 374

I 5594
5 624

I 6.662
6311
6 570
6636
7.119
7411
7 715
6.031

3565
7336

11235
lb262
19 514
23 010
26466
33250
311208
43 371
4s 745 -
54339
60162
66225
72 536
76105
65s44
lb3064

100 47s
166 160
116.221

1547. 510 loo 160 I
1662 547 116 221

uo 737wlTH  N o  737
:DAU UWHDUT  FDAU

676 529
742 513
610 466
661 476

T

855 460
1032 441
1113 421
1196 4ao
1263 379
1374 356
1465 333
1566 300
1666 263
1775 257
1666 226
2001 201
2121 171
2246 140
2376 lo(1
2511 74
2652 40
2766 3
2617

T



CT I
K 737 PER 737
HTH ADO  PRO0
DAU  COST

TOTAL  A00
YEAR  PROD cosi

PV.Acm.
PROO. COST

ADO.FUEL  ADO  FUEL P V TOTAL TOTAL AM) PV TOTALADO
COSTOU)  COSTNEW TDTMADD  ADOF-L  MAbNTENANCE  MAINTENANCE
n? 737 FUEL COST COST COST COST

1996
1990
2aHl
2091
2001
2m3
2004
a
2aM
2097
2aa8
2009
2010
2911
2912
2013
2614
2915
2016
2017
2016
2019
2020

2.659.401 62.650.491 SleS.090 $12&l  16
2.766.431 62.567.324 $169.118 si34,ria
2.661.943 62.517.zoo $161.660 $139,921
3.060.102 $2.446.977 $174.%M $145.657
3.123.1OI s2.382.eo3 Sl66.- $151,62a
3.251.154 62*316.026 6156.251 8157.646
3.304.451 s22.255.zo3 $149.727 $164.316
3523.214 S2.194.000 S149.654 $171.055
3.667,665 62.134.615 $131.617 $176.066
3.616.010 $2.076.761 $122.001 $165.366
3.@74.57Q 62.ozo.475 $111.991 SlfB2.966
4.137537 6l.m5,714 $101.571 6209.661
4.307.17a 6l.Ql2.436 699.724 s200.117
4.403.77a 61.669.~ s79.431 6217.69a
4.667.sos $1.610.176 667,676 6226.616
4.656977 $1.761.117 655.4% 6235.997
5.068,195 $1.713.306 $42.700 6245.579
5.265.561 Sl.M8.@48 629,436 u55ma
5.461.47a $1.621.760 615.633 6266.130
5.706.2ia $1.577.616 $1.262 6277.011
5.e49.164 s1.536.651 so 82M.400

OTAL 665.056.776 640.360.288 62206.126 wJ44.246
I

GALLONS
ADO. 737 PERPOUNC
WT. PERHDUR

40 0 a05789
10 0.005768

ShOOll

TOTAL ADO I

I
5371.64Q 16325.296 6325.206 $37 1.649 $3356.456

s323.526  sw2.362 6356,627 s335.165 53.4500.592
8321.7m 6261.056 wwb63 6301.217 s3.548.585
6319.862 6261.164 6330.535 6269.615 63.650.599
6310.m $242.653 6315.620 6249.765 63.756.794
6316.907 6225.373 s3ao.olu 6213.962 $3.667.344
6314.w5 6200.261 s283.s2Q $16Q,l94 S3B62.425
6311,eoO $104.241 6267.193 $166.338 $44.102.225
WomM s169.239 6249,567 8145.262 64.226.937
6397.376 $167.169 $231.353 $125.649 w.356.762
8304.Mo  $156.026 6212.371 $107.966 64491,QlO
8302.452 $143.6@3 SllI2.611 El.SM 64.632.599
8298.840 $133.133 $172.010 $76.366 64779.057
6297.122 8123.295 6l!&-k626 662.565 64931.519
ws4.181  $114.131 $126.335 Ma.770 655.090.231
6291.346 $105.597 $105,129 636.104 65255,452
6266.279 697.650 360.972 627,426 655.427.446
s285.(#4 699.251 655.624 617.673 65s.606.402
6261.763 663,363 829.646 $6.771 655.792.679
s276.363 S76.953 82.394 5662 65#66.m7
sa8.4ao s74.526 80 so 66.226.564

2600 1621

I I

$061; SW88

I

$3.356.456
$3.224.652
63.099.473
$2.979.976
s2.666.049
$2.757.363
62.653.656
s2.554.560
$2.460.116
62369.790
62.263.459
62200.915
$2.121956
s2.046.495
$1.974.069
$1.904.616
Sl.636.464
$1.774.672
$1.713.904
$1.655.430
$1.600.579

666.051.265 I 63.261.176 I 64163.507 a2.468.346 m.521.776 646.0696 10 54.350.552 / j

P&9.2
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